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NOW!  Work  Directly  with 
Government  Labs 


A  New  Directory  to  Expertise, 
Facilities,  and  Services 

The  4th  edition  of  this  valuable  directory  guides  you  to 
hundreds  of  Federal  agencies,  laboratories,  and  engineer 
ing  centers  willing  to  share  their  expertise  and  equip- 
ment— and  sometimes  even  their  facilities — to  aid  in 
your  research.  Detailed  summaries  of  more  than  1,100 
unique  resources  are  arranged  in  32  subject  areas  for 
easy  reference 

Manufacturing 
Materials 
Medicine 
Nuclear 
Ocean  sciences 
Physical  sciences 
Transportation 
Plus  others 


Aeronautics 

Agriculture  and  food 

Biological  sciences 

Building  technology 

Computers 

Elect  rotechnology 

Energy 

Engineering 


The  name,  address,  and  phone  number  of  a  personal 
contact  is  listed  for  each  entry,  along  with  the  de- 
scriptive summary. 

Descriptions  of  90  Technical  Information  Centers  are  in- 
cluded 

These  centers  offer  information  services  and  expertise  in  areas  such  as  fuels, 
cold  regions,  concrete,  fisheries,  toxicology,  pesticides,  plastics,  and  much  more 

Four  handy  indexes  make  it  easy  for  you  to 
locate  the  resource  you  need: 

•  A  Subject  Index  lets  you  look  up  your  need 
by  specific  topic. 

•  The  State  Index  arranges  all  the  resources 
within  a  state. 

•  The  Resource  Name  Index  provides  a 
quick  reference  if  you  already  have  a  name 
of  a  specific  Federal  laboratory  or  service. 

•  An  Agency  Index  provides  a  listing  of  all 
the  resources  by  Government  agency. 
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"The  Directory  will  be  popular  in  research  or 
business  libraries." 

Reference  Book  Bulletin 
American  Libraries  Association 


Order  your  directory  today. 

Call  the  NTIS  sales  desk  at  (703)  487-4650.  Refer  to  the 
NTIS  order  number,  PB90-1 04480 AAW,  price  $59.95 
plus  $3.00  for  handling. 
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Resources — A  Guide  to  Services,  Facilities,  and  Expertise 


"This  directory  is  unusually  well-indexed.. ..It 
should  be  on  the  shelf  of  every  Chamber  of 
Commerce  end  economic  development  or- 
ganization in  the  nation." 

Mr.  Brian  McLaughlin 

Information  Services  and  Research 

Syracuse,  NY 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Note*  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerniflf 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4805 


How  to  Use 
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Notes 


Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in   their  organization 
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Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas      . — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


■Page  number 


Tech  Notes  Title  List  for 
May  1990 


Agriculture  &  Food 

0374  Nikkomycin— Antibiotic  for  Plants 

0375  Predicting  Insecticide  Resistance 

Other  Items  of  Interest 

0446     Nutritional  Program  to  Prevent  or  Reduce  the  Effect 
of  Jet  Lag 

Computers 

0376  Dual  Polarity  Floating  Gate  MOS  Analog  Memory 
Device  (Licensing  Opportunity) 

0377  NIST  Issues  Four  Computer  Security  Guides 

0378  Assignment  of  Finite  Elements  to  Parallel  Proces- 
sors—Elements can  be  assigned  approximately 
optimally  to  subdomains. 

0379  Competitive  Parallel  Processing  for  Compression  of 
Data— The  momentarily-best  compression  algorithm 
would  be  selected. 

0380  Partitioning  and  Packing  Equations  for  Parallel 
Processing— The  parallelism  in  equations  is 
exploited  to  speed  calculations. 

0381  Programmable  Analog  Memory  Resistors  for 
Electronic  Neural  Networks— Potentials  uses  include 
nonvolatile,  erasable,  electronically  programmable 
read-only  memories.  (Licensing  Opportunity) 

Software 

0382  New  Software  Tool  for  Navy  Developed 

Testing  S  Instrumentation 

0383  Method  of  Eddy  Current  Depth  Measurement 
(Licensing  Opportunity) 

Other  Items  of  Interest 

0391     Optical  Matrix-Matrix  Multiplier— A  concept  offers  the 

speed  of  fully-parallel  optical  processing.  (Licensing 

Opportunity) 
0447     Computer  Animation  in  Perception  Research— The 

artificiality  of  images  is  apparent  to  subjects  and 

may  influence  experimental  results.  (Licensing 

Opportunity) 

Electrotechnology 

0384  Laser  Radar  Provides  Updated  Image  Four  Times  a 
Second 

0385  Algorithm  for  Control  of  Large  Antenna— Alternative 
position-error  feedback  modes  are  provided. 


0386  Carrying  Synchronous  Voice  Data  on  Asynchronous 
Networks— Buffers  restore  synchronism  for  internal 
use  and  permit  asynchronism  in  external  transmis- 
sion. (Licensing  Opportunity) 

0387  Frequency  Estimation  Techniques  for  High  Dynamic 
Trajectories— Four  frequency-estimation  techniques 
are  compared  by  means  of  analysis  and  numerical 
simulations. 

0388  Graphical  Display  of  Test-Flight  Trajectories- 
Trajectories  are  displayed  directly  on  maps.  (Licens- 
ing Opportunity) 

0389  Integrated  Optoelectronic  Interface— A  "universal" 
interface  would  be  easily  adaptable  to  specific 
equipment.  (Licensing  Opportunity) 

0390  Interpolation  and  FFT  of  Near-Field  Antenna  Meas- 
urements—The bivariate  Lagrange  interpolation  is 
applied  to  plane-polar  measurement  scans. 

0391  Optical  Matrix-Matrix  Multiplier— A  concept  offers  the 
speed  of  fully-parallel  optical  processing.  (Licensing 
Opportunity) 

0392  Output  Control  Using  Feedforward  and  Cascade 
Controllers— Open-loop  solutions  to  the  output- 
control  problem  are  studied.  (Licensing  Opportunity) 

0393  Pulse-Position  Modulation  for  Optical  Communica- 
tion—Pulsed Nd:YAG  lasers  would  transmit  informa- 
tion over  long  distances. 

0394  Mechanically-Steered,  Mobile  Satellite-Tracking 
Antenna— The  signal  from  a  satellite  can  be  tracked 
in  a  moving  vehicle. 

0395  Reducing  Speckle  in  One-Look  SAR  Images— A 
digital  filter  adapts  to  local  statistics  of  picture 
elements. 

0396  VLSI  Reed-Solomon  Encoder  With  Interleaver— Size, 
weight,  and  susceptibility  to  burst  errors  are  reduced. 
(Licensing  Opportunity) 

Software 

0397  Software  for  Clear-Air  Doppler-Radar  Display- 
Features  include  portability  and  maintainability. 

Testing  &  Instrumentation 

0398  New  Test  Chamber  Developed 

0399  Laser  Doppler  and  Range  Systems  for  Spacecraft- 
Active  transponders  would  be  used  to  measure 
delays  and  shifts  in  frequencies. 
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Energy 

0400  Clean-Burning  Diesel  Fuel  From  Natural  Gas 

0401  Harnessing  Microalgae 

0402  New  Electrode  Redefines  the  Battery 

0403  Shedding  New  Light  On  Methane  Production 

Software 

0404  Scheduling  Nonconsumable  Resources — A  computer 
makes  plans,  and  changes  plans  if  goals  change. 

Engineering 

0405  Minimum  Clearance  Chipless  Tube  Cutter 

0406  On-Board  Inert  Gas  Generation  System 

0407  Sprayable  Integral  Fuel  Tank  Sealing 

0408  Improved  Monitoring  Systems  for  Rock  Noise 
Detection 

0409  Looking  At  Ways  To  Assess  Structural  Performance 

041 0  Ceramic  Wick  for  Capillary-Pumped  Heat  Pipe — The 
fibrous  ceramic  wick  allows  the  choice  of  working 
fluid  and  high-temperature  fabrication  and/or 
operation.  (Licensing  Opportunity) 

041 1  Decentralized  Adaptive  Control  for  Robots — Precise 
knowledge  of  the  dynamics  would  not  be  required. 
(Licensing  Opportunity) 

0412  Computational  Architecture  for  Control  of  Remote 
Manipulator — Synchronization  is  done  by  hardware 
to  reduce  the  software  overhead.  (Licensing  Oppor- 
tunity) 

0413  Force-Feedback  Cursor  Control — A  robot  controller 
would  move  a  cursor  and  manipulate  images. 

0414  Hinged,  Magnetic  Holder  for  Radiographic  Film — A 
specialized  tool  reaches  a  hidden  position. 

0415  Mounts  for  Selective  Rotation  and  Translation — 
Blade-in-groove  bearings  are  stacked  to  obtain  the 
necessary  degrees  of  freedom. 

0416  Remote-Manipulator  Hand  With  Data-Processing 
Ability — An  end  effector  contains  electronics  for 
processing  sensory  and  control  data  locally.  (Licens- 
ing Opportunity) 

Software 

0417  Tracing  Rays  in  Laser-Fringe  Anemometers — Effects 
of  refraction  are  calculated  by  a  simple  program. 

Testing  &  Instrumentation 

0418  Robotic  Target-Tracking  Subsystem — The  position 
and  orientation  of  the  target  are  measured  in  six 
degrees  of  freedom.  (Licensing  Opportunity) 

0419  Helical  Wound,  Bourdon  Tube  Pressure  Gauge 

0420  Shape  Gauge  Measures  Surfaces — Tedious 
measurements  and  calculations  are  performed 
quickly  and  accurately.  (Licensing  Opportunity) 


Other  Items  of  Interest 

0403     Shedding  New  Light  On  Methane  Production 

0435     Memory  Metal  Couplings 

Environmental  Science  &  Technology 

0421  Technologies  for  CFC/Halon  Destruction 
Testing  &  Instrumentation 

0422  Materials  Designed  To  Help  Monitor  Water  Pollution 

Other  Items  of  Interest 

0400    Clean-Burning  Diesel  Fuel  From  Natural  Gas 

0448    Automated  Monitoring  System  for  Fish  Physiology 
and  Toxicology 

anufacturing,  Machinery  &  Tools 

0423  Robotic  Canopy  Polishing  System 

0424  Computation  of  Flutter  in  Turbomachinery — A  "direct" 
solution  procedure  supplants  the  conventional 
eigenmode  analysis. 

0425  Compliant  Prosthetic  or  Robotic  Joint — Rotation  is 
partly  free  and  partly  restrained  by  resilience  and 
damping.  (Licensing  Opportunity) 

0426  Enclosed  Cutting-and-Polishing  Apparatus — Solid, 
liquid,  and  gaseous  materials  would  be  withdrawn 
from  or  held  within  a  removable  liner.  (Licensing 
Opportunity) 

0427  Perpendicular-Force  Latch — Installation  and  removal 
of  equipment  modules  are  simplified. 

0428  Graphite/Thermoplastic-Pultrusion  Die — An  attach- 
ment to  an  extruder  produces  thermoplastic-impreg- 
nated graphite  tape.  (Licensing  Opportunity) 

0429  Physics  of  Variable-Polarity  Plasma  Arc  Welding — 
Even  small  amounts  of  oxygen  cause  damage  in 
welds. 

Testing  &  Instrumentation 

0430  Environmental  Stress  Screening  (ESS) 

0431  Dynamic  Torque  Calibration  Unit — Unit  offers 
precision  torque  measurement  for  rotary  compo- 
nents. 

0432  Magnetically-Guided  Penetrant  Applicator — A  small 
wheeled  vehicle  is  moved  inside  a  nonmagnetic 
enclosure. 

0433  Printed-Circuit  Tape  Measures  for  X-Ray  Inspec- 
tions— A  known  pattern  is  impressed  on  the  x-ray 
image  for  reference.  (Licensing  Opportunity) 
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Materials 

0434  Ceramic  Armor 

0435  Memory  Metal  Couplings 

0436  Super  Plastic  Formed  Aluminum 

0437  Quality  Control  Needed  for  Long-Lasting  Concrete 

0438  Aluminum-Titanium  Alloys 

0439  Filling  Porous  Microspheres  With  Magnetic  Mate- 
rial— Magnetic  properties  and  particles  sizes  are 
controllable.  (Licensing  Opportunity) 

0440  Finding  Platinum-Coating  Gaps  on  Titanium  An- 
odes— A  simple  procedure  makes  gaps  visible  to  the 
eye.  (Licensing  Opportunity) 

0441  Improved  Transparent  Furnace  for  Crystal-Growth 
Experiments — A  very  uniform  coil  spacing  assures 
better  visibility  and  control  of  conditions. 

0442  Making  a  Noble-Metal-on-Metal-Oxide  Catalyst — A 
catalyst  exhibits  superior  performance  in  oxidation  of 
CO  in  C02  lasers.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0443  Tensile  Film  Clamps  and  Mounting  Block  for 
Viscoelastometers — Samples  are  gripped  uniformly 
and  reproducibly.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0428     Graphite/Thermoplastic-Pultrusion  Die — An  attach- 
ment to  an  extruder  produces  thermoplastic-impreg- 
nated graphite  tape.  (Licensing  Opportunity) 

Medicine  &  Biology 

0444  Laboratory  for  Marine  Animal  Health 

0445  A  Genetics  Laboratory  for  Typing  Rhesus  Monkeys 

0446  Nutritional  Program  to  Prevent  or  Reduce  the  Effect 
of  Jet  Lag 

0447  Computer  Animation  in  Perception  Research — The 
artificiality  of  images  is  apparent  to  subjects  and  may 
influence  experimental  results.  (Licensing  Opportu- 
nity) 

Testing  &  Instrumentation 

0448  Automated  Monitoring  System  for  Fish  Physiology 
and  Toxicology 

0449  Scanning  Transmission  Electron  Microscopy  Facility 

Other  Items  of  Interest 

0401     Harnessing  Microalgae 

0457     Simple  Test  for  Organic  Material  in  Gas — Dried 
enzymes  and  color  indicators  test  sensitively  and 
selectively. 


Natural  Resources  Technology  & 
Engineering 

0450  Progress  in  Imaging  Radar  Polarimetry — Recent 
development  efforts  are  recounted. 

Physical  Sciences 

0451  Educational  Version  of  DIPPR  Database  Available 

0452  Absorption  of  Gases  by  Glassy  Polymers — Infinite- 
dilution  partial  molar  volumes  are  calculated  from 
pressure,  volume,  and  temperature  data. 

0453  Call  Model  of  a  Disordered  Solid — Elastic  properties 
are  predicted  from  first  principles.  (Licensing  Oppor- 
tunity) 

0454  Convective  Evaporation  of  Clusters  of  Drops — 
Effects  in  sprayed  liquid  fuels  are  studied  theoreti- 
cally. 

0455  Photochemistry  of  2,5-Diacyl-1 , 4-Dimethylben- 
zenes — These  compounds  can  be  used  in  the 
synthesis  of  substituted  anthracenes. 

Testing  &  Instrumentation 

0456  High-Sensitivity  Ionization  Trace-Species  Detector — 
Features  include  high  ion-extraction  efficiency, 
compactness,  and  light  weight.  (Licensing  Opportu- 
nity) 

0457  Simple  Test  for  Organic  Material  in  Gas — Dried 
enzymes  and  color  indicators  test  sensitively  and 
selectively. 

0458  Survey  of  Gas-Correlation  Spectroradiometry — The 
principal  application  is  remote  sensing  of 
atmospheres. 

Other  Items  of  Interest 

0422     Materials  Designed  To  Help  Monitor  Water  Pollution 

0441     Improved  Transparent 

0449     Scanning  Transmission  Electron  Microscopy  Facility 

Furnace  for  Crystal-Growth  Experiments — A  very 
uniform  coil  spacing  assures  better  visibility  and 
control  of  conditions. 

Transportation  &  Components 

0459  Computation  of  Flow  About  a  Helicopter  Rotor — 
Vortical  wakes  are  captured  without  ad  hoc  mathe- 
matical modeling. 

0460  Subliming  Layers  Would  Reveal  Aerodynamic 
Effects — Multicolored  coatings  are  proposed  to  study 
aerodynamic  effects  on  surfaces.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

0406  On-Board  Inert  Gas  Generation  System 

0407  Sprayable  Integral  Fuel  Tank  Sealing 
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Agriculture  &  Food 

0374  Nikkomycin — Antibiotic  for  Plants 

0375  Predicting  Insecticide  Resistance 

Other  Items  of  Interest 

0446     Nutritional  Program  to  Prevent  or  Reduce  the  Effect  of  Jet  Lag 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Nikkomycin— Antibiotic  for  Plants 


Scientists  are  working  to  transfer 
to  plants  genes  from  a  soil 
bacterium  that  could  one  day 
provide  them  with  a  buirt-in 
defense  against  fungi. 

The  bacterium,  Streptomyces 
tendae,  contains  genes  that  direct 
the  production  of  nikkomycin,  a 
natural  antibiotic  already  proven 
deadly  to  fungi  such  as 
Cladosporium  ,  Aspergillus,  and 
Collectotrichum.    Nikkomycin 
produced  either  inside  or  outside  a 
plant  could  serve  as  a  natural  food 
preservative  by  prohibiting  fungal 
growth.   Nikkomycin  has  been 
proven  nontoxic  in  tests  with 
laboratory  mice. 

"This  is  what  we  call  a  self- 
protectant,"  says  Paul  Engel,  a 
geneticist  with  the  Agricultural 
Research  Service.  "These  genes 
[from  S.  tendae]  are  like  a  manual 
that  tells  you  how  to  put  together 
simple  elements,  like  nitrogen, 
carbon  dioxide,  and  oxygen,  to 
make  nikkomycin.  The  genes  couto* 
be  incorporated  into  seeds  or  other 
bacteria." 

S.  tendae   is  currently  the  onty 
known  source  of  nikkomycin,  Engel 
says.  So  far,  it  hasn't  been  used 
commercially  against  fungi  like 
those  that  produce  aflatoxin, 
because  it's  too  expensive.  Also, 
nikkomycin  has  been  applied  to 
plants  in  a  spray,  but  because  it  is 
water  soluble,  it  easily  washes  off 
in  rain  or  a  heavy  dew. 
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Genetically-engineered   Streptomyces 
colonies  produce  an  antifungal  sub- 
stance that  kills  (clear  areas  around 
colonies)  fungus  in  the  this  laboratory 
dish. 

In  January,  Engel  and  his 
colleagues  at  the  Microbial/Plant 
Technology  Research  unit  in  New 
Orleans  successfully  transferred  a 
cluster  of  nikkomycin-producing 
genes  from  S.  tendae  into  S. 
IMdans,  a  member  of  the  same 
family  that  doesn't  make 
nikkomycin. 

Engel  took  DNA  from  S.  tendae  and 
patched  it  onto  another  piece  of 
DNA  found  in  S.  IMdans.  Once  the 
genes  were  transferred, 
nikkomycin  production  began  in  S. 
IMdans. 

Using  the  same  principte,  transfer 
of  the  genes  into  plants  couW  occur 
within  the  next  5  years,  he  says. 
As  the  altered  plants  grow  and 
produce  seeds,  those  seeds  woukj 
contain  the  genetic  trait  that 
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directs  nikkomycin  production. 


Or  scientists  may  decide  to  build 
natural  factories  that  make 
nikkomycin  by  transferring  genes 
to  bacteria  that  attach  to  various 
plants  above  and  below  ground. 


This  genetic  transfer  might  protect 


the  plant  from  fungal  invasion. 
And  as  bacteria  multiply,  this  trait 
would  be  passed  to  future 
generations. 

Engel  notes  that  Christiane 
Borgmann,  of  the  University  of 
Tubingen,  West  Germany,  is  doing 
similar  research  on  nikkomycin. 
Bayer  AG.  of  West  Germany  holds  a 
1977  patent  for  the  agricultural 
use  of  nikkomycin. 
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FOR  ADDITIONAL  INFORMATION:  Paul  Engel  is  in  the  USDA-ARS  Microbial/Plant  Technology 
Research  Center,  P.O.  Box  19687,  New  Orleans,  LA  70179;  (504)286-4200. 


Research  Technology 

I     Agricultural  Research  Service 


U.S.  Department  of  Agriculture 


Predicting  Insecticide  Resistance 


Insects'  ability  to  become  resistant  to  pesticides  has  always  been  a  threat  to  the  best  laid  plans  for 
their  control.    Yet  resistance  isn't  usually  recognized  until  a  pesticide  begins  to  fail. 

ARS  ecologist  Jane  L  Hayes  and  postdoctoral  associate  Michael  Firko  are  working  on  a  way  to  predict 
the  chance  that  resistance  to  pesticides  could  occur  in  a  particular  population  of  insects. 

"Most  of  the  time,  when  scientists  test  for  resistance,  the  best  they  get  is  a  snapshot  of  what 
resistance  is  already  present,"  Hayes  says.   "What  we  want  is  a  measure  of  prediction  -  that  is,  how 
likely  is  resistance  to  develop.    This  will  tell  pesticide  users  how  careful  they  need  to  be." 

Increase  in  the  incidence  of  resistance  in  an  insect  population  can  be  slowed  by  better  pesticide 
management  within  the  label  requirements,  e.g.,  alterations  in  intervals,  patterns,  and  quantities 
applied. 

Population  genetics  provides  a  count  of  resistant  vs.  susceptible  individuals  in  the  population  at  the 
time  of  sampling,  with  tested  insects  categorized  simply  as  dead  or  alive. 

What  Hayes  and  Firko  measure  instead  is  how  widely  a  population  varies  for  pesticide  resistance. 
The  wider  the  variation,  the  more  possibility  there  is  for  the  entire  population  to  evolve  the 
characteristic. 

"We  apply  the  pesticide  to  a  sample  of  the  insect  population  and  then  measure  how  affected  they 
are,"  Hayes  says.  "Unlike  population  genetics  studies  that  may  count  a  groggy  insect  as  dead,  we  use 
a  scale  of  0  to  10  -  10  being  the  insect  sneers  at  the  pesticide  and  0  that  it  just  about  dies  at  the 
sight  of  the  label."  They  score  each  insect  many  times  over  3  days  to  arrive  at  an  average  score. 

Besides  providing  information  that  prediction  of  pesticide  resistance  can  be  based  on,  Hayes  says, 
these  methods  may  supply  a  means  of  identifying  insect  populations,  allowing  scientists  to  track 
migrations  and  intrusions  of  one  population  into  another's  territory,  since  the  degree  of  genetic 
variable  in  geographically  distinct  populations  is  potentially  unique. 

In  their  first  major  study,  Hayes  and  Firko  applied  sibling  analysis  population  genetics  to  the 
tobacco  budworm.  The  tobacco  budworm  is  one  of  the  major  pests  of  cotton,  as  well  as  being  a 
frequent  problem  in  tomatoes,  peanuts,  soybeans,  and  other  crops. 

"Some  pesticide  resistance  has  already  been  seen,  so  we  weren't  surprised  to  find  a  high  degree  of 
genetic  variation  in  the  population  we  sampled,"  Hayes  says. 

Already  growers  must  take  a  more  careful  approach  to  pesticide  use  to  avoid  increasing  resistance 
in  the  budworm. 

FOR  ADDITIONAL  INFORMATION:  Jane  L  Hayes  and  Michael  Firko  are  in  USDA-ARS  Biology, 
Ecology,  and  Biocontrol  of  Insect  Research,  Jamie  Whitten  Delta  States  Research  Center,  P.O.  Box 
346,  Stoneville,  MS  38776;  (601  )686-231  1  . 


375 


Computers 


0376  Dual  Polarity  Floating  Gate  MOS  Analog  Memory  Device  (Licensing 
Opportunity) 

0377  NIST  Issues  Four  Computer  Security  Guides 

0378  Assignment  of  Finite  Elements  to  Parallel  Processors — Elements  can  be 
assigned  approximately  optimally  to  subdomains. 

0379  Competitive  Parallel  Processing  for  Compression  of  Data — The 
momentarily-best  compression  algorithm  would  be  selected. 

0380  Partitioning  and  Packing  Equations  for  Parallel  Processing — The 
parallelism  in  equations  is  exploited  to  speed  calculations. 

0381  Programmable  Analog  Memory  Resistors  for  Electronic  Neural 
Networks — Potentials  uses  include  nonvolatile,  erasable,  electronically 
programmable  read-only  memories.  (Licensing  Opportunity) 


Software 

0382  New  Software  Tool  for  Navy  Developed 

Testing  &  Instrumentation 

0383  Method  of  Eddy  Current  Depth  Measurement  (Licensing  Opportunity) 

Other  Items  of  Interest 

0391     Optical  Matrix-Matrix  Multiplier— A  concept  offers  the  speed  of  fully- 
parallel  optical  processing.  (Licensing  Opportunity) 

0447    Computer  Animation  in  Perception  Research— The  artificiality  of  images 
is  apparent  to  subjects  and  may  influence  experimental  results. 
(Licensing  Opportunity) 


i 


Licensing 

U.S.  Navy  Fact  Sheet  °w°r'"""y 

Dual  Polarity  Floating  Gate  MOS  Analog  Memory  Device 

There  is  currently  a  great  deal  of  effort  in  implementing  neural  type  networks  in  VLSI  circuitry. 
Such  implementation  represents  a  practical  way  to  realize  the  tremendous  potential  applications 
demonstrated  in  computer  simulations. 

A  major  part  of  any  neural  network  is  the  weighting  matrix,  which  stores  the  relative  strengths  of 
interconnections  between  processing  units.    Most  useful  applications  require  on  the  order  of  several 
thousand  to  several  million  weighting  elements.    In  many  networks  these  weights  can  be  either 
excitatory  (positive)  or  inhibitory  (negative).    In  a  learning  network  the  weights  must  also  be 
modifiable.    Therefor,  the  ideal  weighting  element  will  have  a  long  storage  life  time,  be 
continuously  adjustable,  compact  in  size,  and  be  able  to  store  a  positive  or  negative  weigh  .   Also 
since  many  learning  rules  compute  changes  in  weighting  values,  one  would  like  to  be  able  to  update 
the  weight  in  increments  or  decrements. 

The  present  invention  overcomes  the  limitations  of  earlier  memory  cells  and  enables  both  positive 
and  negative  analog  values  to  be  stored  and  modified  in  a  non-volatile  memory  cell.    Furthermore, 
the  gate  oxides  of  the  present  invention  are  relatively  thick,  providing  good  production  yields  of 
memory  cells  having  predictable,  repeatable  performance  in  a  mass  production  environment. 

The  invention  includes  a  first  complementary  pair  of  MOSFET  transistors  by  a  common  floating 
gate    The  sources  of  the  first  pair  of  MOSFETs  are  grounded.  The  first  pair  of  MOSFET  s  has  sources 
which  are  grounded  and  drains  that  provide  separate  input  paths  which  enable  the  charge  stored  on 
the  floating  gate  to  be  incremented  or  decremented.  The  second  pair  of  MOSFET's  has  sources  that 
are  operably  coupled  in  common  that  provide  an  analog  voltage  output  and  has  drains  that  receive 
voltage  inputs  which  are  equal  in  magnitude  but  opposite  in  polarity. 

FOR  ADDITONAL  INFORMATION:  Dr.  R.  November,  Naval  Ocean  Systems  Center,  San  Diego,  CA 
92152;   (619)225-6281.      Refer  to   NC   71105TN. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

US-  Pepartment  of  Commie.  Gam^dnm  md  gggg 


HIST  Issues  Four  Computer  Security  Guides 

Not  too  long  ago,  computer  security  was  something  that  interested  only  a  few 
people  in  an  organization.   Now,  with  the  proliferation  of  computers  and  their 

lecuritv"^?"^^^^560"1^  lsfc e™*OM'»  responsibility.   In  fact,  the  Computer 
Security  Act  of  1987  requires  that  federal  employees  who  manage,  operate,  or  use 

cZZlT   SyStr  r6CeiVe  trainlng  ^  C°mpUter  S€CUrit^  awarenL;  and  acc^table 

computer  practices.   NIST  has  published  four  new  documents  which  federal 

Sor^'nand  °!herS:  Wil1  ^^  helF>fUl  in  imProvin*  the  security  of  sensitive 
mafv  of  XI   contained  in  computer  systems.   A  series  of  three  guides  addresses 

fourth  oubLo.T^  S€CUr^y  ^UeStions  of  -ecutives,  managers,  and  users.   A 
fourth  publication  is  a  guideline  to  assist  federal  agencies  in  developing 
computer  security  training  programs. 

FOR  ADDITIONAL  INFORMATION:   They  are  available  from  the  Superintendent  of 
Documents,  U.S.  Government  Printing  Office,  Washington,  D.C.  20402.   Order  by  the 
following  titles  and  stocJc  numbers:   Executive  Guide  to  the  Protection  of 
Inf71llT  leS°Urces<    pB90-148750NAC,  A03;  Management   Guide  to  the  Protection  of 
Information  Resources,  PB90145095,  A03;  and  Computer  Security  Training 
f^^es,    PB90-780172,  A03.   in  addition,  the  first  three  guides  are  available 
7lTor   "iS^'NIsr^"  ^^  ^^   Bull*tin  Boar/by  dialing  301/94^ 
distribut  1%   till   g^iden:°Ura9ing  °^^™   t0  «P">d«c.  and  widely 
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Assignment  of  Finitt  Elements  to  Parallel  Processors 

Elements  can  be  assigned  approximately  optimally  to  subdomains. 


A  mapping  algorithm  based  on  the  simu- 
lated-annealing concept  can  be  used  to 
minimize  approximately  the  time  required 
to  perform  a  finite-element  computation  on 
a  hypercube  computer  or  other  network  of 
parallel  data  processors.  In  general,  a 
computational  domain  consists  of  n  finite 
elements,  each  of  which  is  to  be  assigned 
to  a  subdomwn  that  is  the  responsibility  of 
one  of  N  processors.  A  mapping  algorithm 
is  needed  when  the  shape  of  the  domain  is 
complicated  (see  figure)  or  it  is  otherwise 
not  obvious  what  allocation  of  elements  to 
subdomains  will  minimize  the  cost  of  com- 
putation. 

The  cost  of  using  each  processor  de- 
pends not  only  on  the  cost  of  computation 
associated  with  the  elements  in  its  subdo- 
rftain  but  ateo  on  the  cost  of  transferring  the 
subdomain-boundary  information  to  other 
processors  assigned  to  contiguous  subdo- 
meine.  The  speed  of  the  entire  network  of 
N  processors  is  that  of  the  slowest  (most 
heavHy  loaded)  processor.  Therefore,  an 
optimal  mapping  strategy  allocates  ele- 
ments to  subdomains  in  a  way  that  equal- 
izes the  total  resources  required  by  each 
processor.  In  practice,  a  suboptimal  alloca- 
tion that  brings  the  total  cost  within  10  to  20 
percent  of  the  minimum  value  is  usuaHy  ac- 
ceptable. 

The  search  for  optimality  is  guided  by  a 
cost  function  C  that  penalizes  an  imbal- 
ance in  the  workload  and  represents  the 
overall  cost  of  computation  within,  and  com- 
munication among,  processors,  as  meas- 
ured in  muftiptes  of  an  arbitrary  standard 
unit  of  computation  or  communication 
time.  To  find  the  allocation  that  gives  the 
exact  global  minimum  of  C,  it  would  be 
necessary  to  compute  and  compare  C  for 
every  allocation.  Often,  this  is  not  practical 
because  the  number  of  possible  alloca- 
tions can  be  astronomically  large. 

A  simulated-annealing  algorithm  pro- 
vides an  adequate  suboptimal  solution, 
without  the  need  for  an  exhaustive  search 
among  all  allocations.  An  initial,  arbitrary 
allocation  is  made,  then  amended  in  an 
iterative  approach  to  an  approximate  gtob- 
ai  minimum  of  C.  So  caHed  because  it  in- 
volves equations  similar  to  those  that  de- 
scribe annealing  in  crystalline  materials,  a 
simulated-annealing  algorithm  probabilisti- 
cally accepts  allocations  that  temporarily 
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increase  C.  This  helps  to  prevent  "trap- 
ping" in  local  minimums,  enabling  the  sys- 
tem to  continue  moving  toward  the  global 
minimum.  C  is  analogous  to  the  system 
energy  in  the  annealing  problem,  and  a  fic- 
titious temperature  parameter  is  gradually 
decreased  (analogously  to  cooling)  so  that 
the  amounts  of  increase  in  C  caused  by 
nonimproving  allocations  are  gradually 
reduced  as  the  iterations  proceed  and  the 
global  minimum  is  presumably  approached. 

The  initial  value  of  the  temperature  pa- 


rameter is  critical  to  convergence  to  the 
true  global  minimum.  Too  high  a  tempera- 
ture parameter  causes  the  acceptance  of 
too  many  nonimproving  allocations.  Too 
low  a  temperature  parameter  degrades 
the  simulated-annealing  strategy  into  a 
more-nearly-conventional  iterative  improve- 
ment strategy  with  little  possibility  of  es- 
cape from  local  minima.  Prior  experience 
suggests  that  the  initial  temperature  pt 
rameter  should  be  selected  to  cause  the  ac- 
ceptance of  30  to  80  percent  of  the  non-im- 


proving solutions  and  that  the  temperature 
parameter  should  thereafter  be  reduced 
by  a  constant  factor.  Several  allocations 
should  be  tried  at  each  temperature  pa- 
rameter to  assure  the  analog  of  thermal 
equilibrium. 

This  work  was  done  by  Moktar  A. 
Salama,  Jon  W.  Flower,  and  Steve  W. 
Otto   of   Caltech    for   NASA's    Jet 
Propulsion  Laboratory. 
NPO-17371/TN 
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FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Competitive  Parallel  Processing  for  Compression  of  Data 

The  momentarily-best  compression  algorithm  would  be  selected. 


A  proposed  competitive-parallel-proc- 
essing system  would  compress  data  for 
transmission  in  a  channel  of  limited  band- 
width. There  will  be  an  increasing  need 
for  compression  of  data  as  broadcasting 
and  other  services  that  involve  large  vol- 
umes of  data  proliferate  while  the  available 
frequencies  remain  limited.  A  likely  appli- 
cation for  compression  may  lie  in  high-res- 
olution, stereoscopic  color-television  broad- 
casting. 

There  are  already  many  compression  al- 
gorithms, each  of  which  reduces  the  num- 
ber of  data  bits  that  have  to  be  transmitted 
by  coding  the  data  in  a  way  that  avoids  the 
repetitive  transmission  of  some  redundant 
portions.  For  example,  one  algorithm  could 
transmit  only  information  on  picture  ele- 
ments that  have  changed  since  the  last 
transmission,  another  algorithm  could 
specify  an  image  in  terms  of  its  Fourier 
spatial  frequencies,  and  the  like.  However, 
it  may  be  impossible  to  choose  in  advance 
one  algorithm  that  can  reduce  all  sets  of 
data  to  the  proper  length  for  transmission. 

In  the  proposed  system  (see  figure),  the 
data  from  the  source  would  be  fed  to  sev- 
eral processors,  each  simultaneously  exe- 
cuting a  different  data-compression  algo- 
rithm. The  outputs  of  these  processors 
would  be  fed  to  a  referee  processor,  which 
would  choose  the  one  most  efficiently 
compressed.  Along  with  a  label  that  identi- 
fies its  compression  algorithm,  the  chosen 
output  would  be  incorporated  into  a  packet 
of  data  for  transmission.  Using  the  decom- 
pression algorithm  corresponding  to  the 
compression  algorithm  of  the  label,  the  re- 
ceiving station  would  reconstruct  the  full 
stream  of  data. 

When  the  data  could  not  be  compressed 
to  within  the  limited  bandwidth  of  the  trans- 
mission channel,  the  referee  processor 
would  choose  whichever  incomplete  com- 
pressed output  could  be  utilized  best  by  the 
receiving  station.  (This  may  not  always  be 
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the  compressed  output  with  the  fewest 
bits.)  The  chosen  output  would  be  transmit- 
ted with  an  additional  label  warning  that  the 
data  are  not  accurate.  This  would  inform 
the  processing  equipment  and  user  as  to 
which  was  the  most-recent  accurate  set  of 
data  and  whether  the  present  data  can  be 
trusted. 

This  work  was  done  by  Daniel  B.  Diner 
of  Caltech  and  Antony  R.H.  Fender  of 
Lama   Engineering   for   NASA's   Jet 
Propulsion  Laboratory. 
NP0-17445/TN 


Data  From  an  Information-Rich  Source  like 
a  color-television  camera  would  be  com- 
pressed by  several  processors,  each  oper- 
ating with  a  different  algorithm.  The  referee 
processor  would  select  the  momentarily- 
best  compressed  output. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Partitioning  and  Packing  Equations  for  Parallel  Processing 

The  parallelism  in  equations  is  exploited  to  speed  calculations. 


An  algorithm  has  been  developed  to  iden- 
tify the  parallelism  in  a  set  of  coupled  ordi- 
nary differential  equations  that  describe  a 
physical  system  and  to  divide  the  set  into 
parallel  computational  paths,  along  which 
parts  of  the  solution  can  proceed  inde- 
pendently of  the  others  during  at  least  part 
of  the  time.  A  related  algorithm  packs  the 
equations  into  a  minimum  number  of  proc- 
essors. Together,  the  algorithms  help  to  ex- 
ploit the  potential  for  speedup  in  parallel 
processing  while  using  the  available  com- 
puting resources  effectively. 

The  partitioning  or  path-identifying  algo- 
rithm operates  on  a  computer  program 
that  incorporates  the  mathematical  model 
of  the  system  in  question  and  solves  the 
equations  by  conventional  serial  proces- 
sing. To  develop  the  computational  paths, 
this  algorithm  processes  the  program  to 
extract  the  result/argument  relationships 
from  the  serial  set  of  equations.  Because 
the  calculation  time  of  each  equation  is 
crucial  to  partitioning,  it  is  also  extracted 
during  this  initial  processing. 

The  time  at  which  an  equation  can  start 
is  determined  by  the  time  needed  to  com- 
pute previously  any  arguments  that  appear 
in  the  equation.  The  time  at  which  an  equa- 
tion can  end  is  the  starting  time  plus  the 
calculation  time,  and  this  in  turn  sets  an 
earliest  starting  time  for  another  equation 
of  which  the  result  of  the  present  equation 
is  an  argument. 

Once  these  attributes  have  been  estab- 
lished for  each  equation  in  the  program, 
the  identification  of  computational  paths 
(see  figure)  can  begin.  The  algorithm  iden- 
tifies all  paths  that  contain  no  parallelism 
and  the  equations  of  each  of  which  must 
be  computed  serially.  The  paths  are  orga- 
nized into  a  linked  list  and  ordered  in  terms 
of  decreasing  path  calculation  time.  The 
first  path  in  the  list  is  the  critical  (longest) 
path,  which  determines  the  overall  calcula- 
tion time. 

To  begin  the  formation  of  a  path,  the  al- 
gorithm selects  the  equation  that  has  the 
maximum  "can  end"  time  and  that  has  not 
already  been  assigned  to  another  path:  this 
is  the  last  (result)  equation  of  this  path.  The 


next  equation  chosen  for  this  path  is  the 
next-to-last  equation  of  this  path  and  is  the 
equation  with  the  maximum  "can  end" 
time  that  produces  a  dependent  argument 
needed  in  the  result  equation.  The  process 
repeats  in  this  manner  until  the  insertion  of 
an  equation  that  has  only  independent 
arguments  and  has  not  already  been  as- 
signed to  another  path.  This  last-chosen 
equation  becomes  the  first  equation  of  the 
path.  Paths  are  formed  in  this  manner  until 
all  the  equations  have  been  chosen. 

The  partitioning  algorithm  is  concerned 
not  only  with  when  equations  can  end  but 
also  with  when  they  must  end  to  keep  with- 
in the  specified  update  time  and  simulation 
time  step.  The  minimum  number  of  proces- 
sors needed  for  a  given  numerical  simula- 
tion depends  on  the  maximum  allowable 
update  time,  which  must  be  specified  prior 
to  packing.  The  simulation  time  step  is  usu- 
ally based  on  the  requirements  of  stability 
and  dynamic  accuracy. 

The  packing  algorithm  calls  for  proces- 
sors as  needed  and  inserts  paths  gener- 
ated by  the  partitioning  algorithm.  When  a 
processor  is  selected,  the  path  with  the 
longest  calculation  time  is  inserted.  Next, 
the  unpacked  paths  related  to  paths  al- 
ready in  the  processor  are  tested  and  in- 
serted if  they  fit  according  to  a  hierarchy  of 
relationships  between  the  equations  in  the 
packed  and  unpacked  sets.  When  no  other 
paths  can  be  inserted  into  a  processor, 
another  processor  is  called  for. 

777/s  work  was  done  by  Dale  J.  Arpasi 
and  Edward  J.  Milner  of  Lewis  Research 
Center.  Further  information  may  be  found 
in  NASA  TM-87170  [N86-19008/NSP], 
Price  Code:  A03  "Partitioning  and  Pack- 
ing Mathematical  Simulation  Models  for 
Calculation  on  Parallel  Computers. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14634/TN 
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Start 


Are  there  any  equations 
In  the  program  not 
assigned  to  a  path? 


ps\No  ,        -v 
V-^Stopj 


Find  unassigned  equation 

with  maximum  "can  end" 

time  (E|). 


Add  path 

to 
PATHLIST. 


Create  a  new  empty  path. 


Mark  equation  Ej  as 

assigned  to  a  path.  Insert 

It  into  the  path  as  the 

first  equation. 


Create  the  set  of  equations, 
the  results  of  which  are 
dependent  arguments  of 

Ej  and  are  still  unassigned. 


< 


Does  the  set  contain 
any  equations? 


Find  the  equation  with 
maximum  "can  end"  time  (Ej). 


The  Path-Identifying  Algorithm  creates  a 
number  of  paths  consisting  of  equations 
that  must  be  computed  serially  and  a  table 
that  gives  the  dependent  and  independent 
arguments  and  the  "can  start,"  "can  end," 
and  "must  end"  times  of  each  equation. 
The  "must  end"  time  is  used  subsequently 
by  the  packing  algorithm. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Programmable  Analog  Memory  Resistors  for 
Electronic  Neural  Networks 

Potential  uses  include  nonvolatile,  erasable,  electronically  programmable  read-only  memories. 


Hygroscopic  Layer  of 
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Figure  1.  The  Reversibly  Variable  Resistor  includes  the  variable-resistance  electrochromic  layer,  a  hygroscopic  layer  that  acts  as  a  source  of 
hydrogen  ions  for  the  electrochromic  reaction,  and  a  gate  electrode  to  control  the  flow  of  ions.  The  properties  of  the  device  can  be  altered  by 
the  use  of  hygroscopic,  electrochromic,  and  electrode  materials  other  than  those  shown  here. 


The  electrical  resistance  of  a  new  solid- 
state  device  can  be  altered  repeatedly  by 
suitable  control  signals,  yet  remains  at  a 
steady  value  when  the  control  signal  is  re- 
moved. The  resistance  can  be  set  at  a  low 
value  ("on"  state),  a  high  value  ("off"  state), 
or  at  any  convenient  intermediate  value 
and  left  there  until  a  new  value  is  desired. 
The  device  can  serve  as  an  element  of  an 
electrically  erasable,  programmable  read- 
only memory  integrated  circuit.  Circuits  of 
this  type  are  particularly  useful  in  non- 
volatile, associative  electronic  memories 
based  on  models  of  neural  networks.  Fur- 
thermore, such  programmable  analog 
memory  resistors  are  ideally  suited  as 
synaptic  interconnects  in  "self-learning" 
neural  nets. 

The  operation  of  the  device  depends  on 
the  electrochromic  property  of  W03,  which 
when  pure  is  an  insulator.  This  material 
undergoes  the  reversible  electrochemical 
reaction 

W03+  xH+  +xe-ZHxW03 

As  the  W03  combines  with  or  releases 
hydrogen  ions,  its  electrical  resistivity 
decreases  or  increases,  respectively. 

The  device  (see  Figure  1)  includes  two 
Ni  contact  electrodes  in  a  layer  of  W03. 
The  resistance  of  the  device  is  sensed  be- 
tween these  electrodes.  The  source  of  hy- 
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Figure  2.  The  Resistance  Increases  or  Decreases  With  Time  according  to  the  magnitude 
and  sign  of  the  control  voltage  applied  to  the  gate  electrode.  When  no  voltage  is  applied,  the 
resistance  remains  at  the  value  set  by  the  most  recently  applied  voltage. 


drogen  ions  is  a  hygroscopic  layer  of 
Cr203,  which  is  separated  from  the  W03 
by  an  insulating  layer  of  SiO.  (This  SiO  layer 
also  donates  some  H+  ions,  but  is  not  as 
rich  a  source  as  is  the  Cr203.)  A  second,  in- 


sulating layer  of  SiO  separates  the  Cr203 
from  an  aluminum  gate  electrode. 

When  a  positive  control  voltage  is  ap- 
plied to  the  gate  electrode  with  respect  to 
one  of  the  contact  electrodes  the  electric 
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field  ionizes  the  H20  present  in  the  Cr£)3 
and  drives  the  H+  ions  through  the  inner 
SiO  layer,  into  the  W03>  toward  the  nega- 
tive contact.  The  H  +  ions  are  neutralized  in 
the  W03  via  the  reversible  electrochemical 
reaction,  and  the  electrical  resistivity  of  the 
W03  is  thus  reduced.  When  a  negative 
control  voltage  is  applied  to  the  gate  elec- 
trode, the  HxW03  is  dissociated  and  the  hy- 
drogen ions  are  pulled  back  into  the  Cr203, 
thus  increasing  the  electrical  resistivity 
of  the  W03.  The  amount  of  HxW03  and, 
therefore,  the  electrical  resistance  of  the 
device  remains  constant  when  the  control 
signal  is  removed.  The  control  signal  can 
be  applied  again  to  change  the  amount  of 
HxW03,  and  hence  the  resistance,  to  a 
new  steady  level. 

The  inner  layer  of  SiO  helps  to  control 
the  flow  of  ions  as  well  as  to  prevent  short- 
ing of  W03  by  the  less  resistive  Crp3  layer. 
Both  layers  of  SiO  serve  as  blocking  con- 


tacts that  allow  only  the  desired  ionic  or 
electronic  current  to  pass  and  then  only 
when  a  sufficient  control  signal  is  applied 
to  the  gate  electrode.  The  switching  speed 
of  the  device  depends  on  the  magnitude  of 
the  control  signal  (see  Figure  2);  for  exam- 
ple, a  control  signal  of  30  V  changes  the 
resistance  by  a  factor  of  1,000  in  less  than 
1  min. 

777/s  work  was  done  by  Rajeshuni 
Ramesham,  Sarita  Thakoor,  Taher  Daud, 
and  Anilkumar  P.  Thakoor  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17398/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  3544849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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New  Software  Tool  for  Navy  Developed 


CMS_TOOL  2.0  is  an 
automated  CMS-2  source  code 
software  quality  measurement 
tool  developed  at  the  Naval 
Surface  Warfare  Center 
(NSWC),  Dahlgren,  Virginia. 
This  tool  provides  a  McCabe- 
based  complexity  measure- 
ment, nesting  level,  com- 
menting level,  direct  code 
usage  factor,  sizing  factors,  and 
structured  coding  standards/- 
style  violation  indicators. 

CMS_TOOL  2.0  output 
allows  a  system  analyst/- 
programmer  to  evaluate  com- 
puter program  modularity, 
understandability,  complexity, 
portability,  and  maintain- 
ability. Tool  output  can  also  be 


used  in  the  test  planning 
strategy. 

The  tool  is  VAX  Pascal- 
based  and  includes  source 
program,  executable  code,  DCL 
Command  Files  to  support 
batch  and  interactive  run 
modes,  installation/user  notes, 
and  a  Program  Description 
Document  (PDD)  formatted  for 
laser  print.  The  PDD  addresses 
the  functionality  and  design  of 
CMS_TOOL,  operating  pro- 
cedures, and  interpretation 
guidelines  for  the  tool  output. 
CMS_TOOL  Version  2.0  (see 
Figure  1)  is  available  as 
licensed  software  to  all  CMS-2 
language-based  projects. 

CMS    TOOL  utilization  to 
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date  include*  the  ODO  81  Chtft 

Weapon  System  (GWS),  AEGIS 
Combat  Direction  System 
(CDS),  AN/SAR-8  Program, 
and  hat  been  provided  it  fleet 
Combat  Direction  Systems 
Support  Activity/San  Diego 
(FCDSSA/SD),  California. 


For  Additwnai  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Pact  Sheet  Reader  Reply  Service 

CodeE21I 

Naval  Surface  Weapons  Center  • 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  UO&OlftH 


U.S.  Navy  Fact  Sheet  ajffgjg 


Method  of  Eddy  Current  Depth  Measurement 


This  technology  solves  the  problem  of  estimating  the  extent  of  damage  in  materials,  particularly 
carbon  fiber  reinforced  composites  for  which  calibration  standards  are  impractical  or  impossible 
to  design  and  fabricate.   It  is  based  on  the  universal  impedance  curve  associated  with  all  ferrite  pot 
core  eddy  current  probes.  It  relates  the  depth  of  trie  detected  defect  to  the  phase  of  the  eddy  current 
response  at  the  point  of  maximum  response  magnitude. 

It  can  be  used  to  measure  trie  distance  between  the  surface  and  subsurface  damage  in  any  electrically 
conducting  material. 

The  method  does  not  require  calibration  standards.   Unlike  other  nondestrucitve  methods  used  to 
inspect  composites,  eddy  current  is  sensitive  primarily  to  damage  Involving  broken  fibers. 

The  method  can  be  applied  with  modified  laboratory  instruments.   The  technology  is  ready  for  design 
Of  a  commercial  instrument.   Capitalization  costs  would  be  low. 

Literature:   Vernon,  S.  N.,  "Parametric  eddy  curren  defect  depth  model  and  its  application  to 
graphite  epoxy,*  NflX  International.  Vol  22,  Number  3,  June  1989,  pp  139-148;  and  Vernon, 
S.N.,  "The  universial  impedance  diagram  of  the  ferrite  pot  core  eddy  current  transducer,"  IEEE 

Transactions,,  pn  Magnetics,  Vol  25,  No.  3,  May  1939,  pp  2639-2645. 

FOR  ADDITIONAL  INFORMATION:  For  information  on  licensing  of  this  subject,  contact  the  Naval 
Surface  Warfare  Center,  Mr,  Robert  D.  Johnson,  Naval  Surface  Warfare  Center,  Silver  Spring,  MD 
20903-5003    CcxteD211,  or  (202)394-4332. 
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Electrotechnology 


0384  Laser  Radar  Provides  Updated  Image  Four  Times  a  Second 

0385  Algorithm  for  Control  of  Large  Antenna — Alternative  position-error 
feedback  modes  are  provided. 

0386  Carrying  Synchronous  Voice  Data  on  Asynchronous  Networks — Buffers 
restore  synchronism  for  internal  use  and  permit  asynchronism  in 
external  transmission.  (Licensing  Opportunity) 

0387  Frequency  Estimation  Techniques  for  High  Dynamic  Trajectories — Four 
frequency-estimation  techniques  are  compared  by  means  of  analysis 
and  numerical  simulations. 

0388  Graphical  Display  of  Test-Flight  Trajectories — Trajectories  are  displayed 
directly  on  maps.  (Licensing  Opportunity) 

0389  Integrated  Optoelectronic  Interface — A  "universal"  interface  would  be 
easily  adaptable  to  specific  equipment.  (Licensing  Opportunity) 

0390  Interpolation  and  FFT  of  Near-Field  Antenna  Measurements — The 
bivariate  Lagrange  interpolation  is  applied  to  plane-polar  measurement 
scans. 

0391  Optical  Matrix-Matrix  Multiplier — A  concept  offers  the  speed  of  fully- 
parallel  optical  processing.  (Licensing  Opportunity) 

0392  Output  Control  Using  Feedforward  and  Cascade  Controllers — Open- 
loop  solutions  to  the  output-control  problem  are  studied.  (Licensing 
Opportunity) 

0393  Pulse-Position  Modulation  for  Optical  Communication — Pulsed  Nd:YAG 
lasers  would  transmit  information  over  long  distances. 

0394  Mechanically-Steered,  Mobile  Satellite-Tracking  Antenna — The  signal 
from  a  satellite  can  be  tracked  in  a  moving  vehicle. 

0395  Reducing  Speckle  in  One-Look  SAR  Images — A  digital  filter  adapts  to 
local  statistics  of  picture  elements. 

0396  VLSI  Reed-Solomon  Encoder  With  Interleaver — Size,  weight,  and 
susceptibility  to  burst  errors  are  reduced.  (Licensing  Opportunity) 

Software 

0397  Software  for  Clear-Air  Doppler-Radar  Display — Features  include 
portability  and  maintainability. 

Testing  &  Instrumentation 

0398  New  Test  Chamber  Developed 

0399  Laser  Doppler  and  Range  Systems  for  Spacecraft — Active 
transponders  would  be  used  to  measure  delays  and  shifts  in 
frequencies. 

Other  Items  of  Interest 

0430     Environmental  Stress  Screening  (ESS) 


Technology  Application 


Sandia  National  Laboratory 


Laser  Radar  Provides  Updated  Image  Four  Times  a  Second 


A  laser  radar  that  provides  both  an  image 
and  the  distance  of  objects  in  its  field  of 
view  and  that  updates  the  image  four  times  a 
second  has  been  developed  and  tested  at 
Sandia  National  Laboratories. 

This  frame  rate  is  considered  fast  enough  to 
begin  to  be  of  interest  for  short-range 
military  uses,  the  Sandia  developers  say. 

Laser  radars  would  combine  some  of  the 
advantages  of  conventional  radar  and  video 
imaging,  with  capabilities  about  midway 
between  the  two.   Video  provides  finer 
resolution  but  no  range  information; 
conventional  radar  provides  distance  but  no 
shape  information. 

In  field  demonstrations  the  Sandia  laser 
radar  produced  real-time  images  of  a 
moving  armored  vehicle  clear  enough  to 
distinguish  the  vehicle  type.    It  also 
provided  the  range  to  the  vehicle.   Present 
maximum  range  of  the  new  radar  is  about 
50  meters,  but  work  is  underway  to  extend 
that  distance. 

The  radar  might  have  applications  in 
conventional  weapons  as  part  of  systems 
that  perform  automatic  target  recognition 
or  aim-point  refinement.    It  also  has 
potential  application  in  robotic  vision 
systems,  collision-avoidance  Systems,  and 
autonomous  vehicle-control  systems. 

The  Sandia  range-imaging  laser  radar  uses  a 
small  gallium-arsenide  semiconductor  laser 
diode  that  emits  continuous  near-infrared 
light,  just  beyond  the  wavelengths 
detectable  by  the  human  eye.  The  signal  is 
amplitude  modulated  at  a  rate  of  4 
megahertz. 


Laser-radar  range  image  of  a  possible  intruder.  Gray  scales  or 
pseudocolor  provide  range  information.  Sky  is  shown  with 
random  shades  because  it  gives  no  radar  return. 


A  mechanical  scanner  makes  the  beam  scan 
back  and  forth  and  up  and  down  across  the 
field  of  view,  which  is  roughly  30  degrees 
high  and  wide.   The  phase  of  the  return 
signal  is  measured  to  obtain  the  ranges  to 
objects  in  the  field  of  view.   The  range  image 
is  displayed  on  a  video  screen  as  a  64-by- 
64  pixel  pseudocolor  map.    Relative  ranges 
can  be  depicted  by  different  colors  or  by 
different  shades  of  gray. 

Researchers  have  been  trying  to  develop 
laser  radars  since  the  1960s,  but  most  of 
the  early  work  used  large  carbon-dioxide 
lasers.    Only  in  about  the  past  five  years 
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have  semiconductor  lasers  been  developed 
with  enough  power  to  be  effective.    In  just 
the  past  few  years  their  power  has 
increased  from  0.1  watt  to  almost  5  watts 
(although  the  Sandia  system  at  present  uses 
a  1/8th  watt  laser). 

Semiconductor  lasers  are  smaller,  simpler, 
less  expensive,  and  more  efficient  than 
carbon  dioxide  lasers.    Also,  the  transmitted 
beam  can  be  modulated  directly  and  beam 
detection  is  accomplished  using  inexpensive, 
room-temperature  detectors.    These 
advantages  and  developments  plus  advances 
in  signal-processing  electronics  and  the 
availability  of  fast  gallium  arsenide 
integrated  circuits  stimulated  the  Sandia 
achievement. 

David  Williams  and  Marion  W.  Scott  of 
Sandia's  Optoelectronics  Components 
Development  Division  and  Mark  A.  Grohman 
of  Sandia's  Advanced  Projects  Division  led 
the  extensive  development  effort. 

Laser  radars  would  be  useful  where 
recognition  of  a  target  requires  both  a  range 
and  an  image.  This  combination  can  better 
differentiate  between  a  real  target  and 
decoys,  for  example.  Camouflaged  targets 
would  be  easier  to  discriminate  against. 
Decoys  would  have  to  be  full-size  and 
three-dimensional  replicas  of  the  target; 
otherwise,  the  images  could  show  that  the 
shape  is  wrong,  or  the  ranging  ability  could 
show  that  the  shape  is  right  but  the  size  too 
small. 

The  system  requires  sophisticated  digital 
electronics.    The  digital  electronics  measure 
the  phase  difference  between  the  sent  and 
received  signals  of  the  modulated  laser 


diode.  This  phase  difference  represents  the 
range  to  the  target.  On  each  pixel,  the 
system  averages  16  measurements  of  range 
and  the  resulting  average  values  are  held 
until  a  frame  has  been  scanned.  The  frame 
data  are  then  transmitted  to  a  computer 
through  a  fiber  optic  datalink  for  further 
processing  to  display  the  range  image. 

The  testbed  electronics  presently  reside  on 
three  boards.  One  contains  a  gallium 
arsenide  7-bit  counter  running  at  1 
gigahertz,  plus  other  GaAs  chips.  The  second 
contains  circuitry  that  carries  out  counter 
control,  pixel  averaging,  and  clocking 
functions.    The  third  performs  all 
remaining  functions  including  buffering, 
datalink  download,  and  frame  control. 

"We  couldn't  do  this  five  years  ago,"  says 
Grohman.   "The  gallium  arsenide  integrated 
circuits  are  what  allowed  it  to  happen." 

Dozens  of  Sandia  scientists,  engineers,  and 
technicians  contributed  to  development  of 
the  laser  radar,  and  the  work  continues. 

Future  plans  include  efforts  to  integrate  and 
improve  the  electronics,  replace  the 
present  low-power  laser  with  a  higher 
powered  one,  and  extend  the  range  from  the 
present  50  meters  to  the  hundreds  of 
meters  necessary  for  a  military  system. 


FOR  ADDITIONAL  INFORMATION:  Public 
Information  Division,  Code  3161, 
Department  of  Energy,  Sandia  National 
Laboratories,  Albuquerque,  NM  87185- 
5800;    (505)844-4207.       Refer   to 
announcement  24,  No.  9. 
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Algorithm  for  Control  of  Large  Antenna 

Alternative  position-error  feedback  modes  are  provided. 


Modern  control  theory  is  the  basis  for  a 
computer  algorithm  used  to  control  the 
two-axis  positioning  of  a  large  antenna.  The 
algorithm  —  incorporated  into  the  soft- 
ware of  a  real-time  control  computer  — 
enables  rapid  intertarget  positioning  as 
well  as.precise  tracking  (using  one  of  two 
optional  position-feedback  modes)  without 
the  need  of  human  operator  intervention. 

The  position-control  feedback  loop  is 
closed  in  the  algorithm  by  the  weighted 
feedback  of  the  hardware-state  variables. 
A  linear  estimator  provides  a  measure  of 
the  rate,  acceleration,  and  the  other  state 
variables  that  are  not  instrumented.  The 
estimator  produces  the  state  variable  esti- 
mates by  repeated  evaluation  of  the  differ- 
ence equations  describing  the  antenna 
motion.  Using  feedback  of  the  measured 
state  variable  (output  of  an  axis-mounted 
angle  encoder)  as  a  reference  for  compari- 
son with  the  estimated  position,  the  estima- 
tor adjusts  all  the  estimated  states  in  a  way 
to  reduce  the  error  between  estimated  and 
actual  position  (see  figure).  Overall,  the 
algorithm  differs  from  those  algorithms 
based  on  classical  feedback-control 


theory  that  rely  on  cascade  networks,  im- 
plemented in  either  hardware  or  software, 
to  provide  the  necessary  servo  compensa- 
tion. 

This  and  other  state-variable  control  al- 
gorithms have  several  advantages: 

•  They  can  incorporate  compensation  tech- 
niques that  do  not  necessarily  correspond 
to  physically  realizable  networks. 

•The  state-variable  approach  facilitates 
discrete-time-domain  design  methods,  re- 
sulting in  efficient  utilization  of  the  control 
computer. 

•  The  state  estimator  provides  an  accurate, 
low-noise  measure  of  rate  and  accelera- 
tion. 

•  The  estimator  provides  a  powerful  method 
of  detection  and  correction  of  errors  in  en- 
coder data,  thereby  enabling  uninter- 
rupted operation  during  brief  intervals 
when  the  encoder  data  are  unusable. 

•  The  state-variable  method  involves  a 
standardized  matrix  representation  of  the 
system,  which  is  convenient  for  digital 
processing. 

The  antenna  employs  two  different 


methods  of  angular-position  feedback  to 
accommodate  different  tracking  require- 
ments. A  two-axis  optical  autocollimator 
generates  error  signals  according  to  the 
deviation  of  an  antenna-mounted  mirror 
from  the  orientation  of  a  precision-in- 
strument mount  located  immediately  be- 
hind the  vertex  of  the  antenna  dish.  The 
axis-mounted  angle  encoders  enable  track- 
ing beyond  the  limiting  elvation  angle 
where  the  approaching  geometric  singu- 
larity renders  the  autocollimator  unusable. 
The  shaft-angle  encoder  and  the  auto- 
collimator are  represented  in  the  figure  by 
two  blocks,  the  input  to  which  is  the  state 
vector  X.  The  representative  equation  of 
the  dynamics  block  is  the  generalized  dif- 
ference equation  relating  the  state  vector 
at  the  discrete  times  of  the  computer 
sampling  to  the  previous  value  of  the  state 
vector  and  to  the  control  input,  U.  The 
discrete  transition  matrix,  <t>,  and  the  input 
vector,  r,  describe  the  dynamic  behavior  of 
the  physical  system.  The  angle  encoder 
and  the  autocollimator  are  represented  by 
vectors  HE  and  HA,  which  operate  on  the 
state  vector,  X,  and  produce  the  scalar 
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The  Control  System  for  one  axis  of  a  two-axis  azimuth/elevation  control  system  is  embodied  mostly  in  software  based  on  advanced  control 
theory.  The  system  has  the  linear  properties  of  a  classical  linear  feedback  controller.  Its  performance  is  described  by  bandwidth  and  linear  er- 
ror coefficients. 
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azimuth  (or  elevation)  encoder  angle  and 
autocollimator  angle  error. 

The  software  estimator  computes  the 
state  variables  for  subsequent  processing 
and  feedback  to  the  equipment  control  in- 
put. The  estimator  is  essentially  a  dynami- 
cal simulation  of  the  physical  antenna  and 
has  the  same  input  and  difference  equa- 
tions as  those  of  the  equipment.  Under 
ideal  conditions,  the  estimator-output  state 
vector,  E,  is  identical  to  the  antenna  state 
vector,  X.  Errors  in  the  estimated  state  vec- 
tor, E,  arise  from  errors  in  the  mathemati- 
cal model  of  the  dynamics  and  from  un- 
compensated disturbances.  These,  errors 
are  corrected  by  comparison  of  the  esti- 
mated with  the  true  values  of  the  encoder 
angle,  and  feedback  of  the  estimator  error, 
YE,  with  a  feedback  gain  factor,  L. 

The  feedback  of  the  estimator  error  in- 
troduces a  feedback  loop  around  the  esti- 
mator, with  a  dynamic  response  governed 


by  the  amount  of  correction  (gain)  in  the 
loop.  By  proper  selection  of  the  estimator 
correction  coefficient,  L,  the  speed  of  cor- 
rection of  erroneous  estimates  (and  the 
speed  of  response  to  transient  invalid  en- 
coder data)  can  be  adjusted.  The  coeffi- 
cients are  therefore  designed  to  reach  a 
compromise  between  rapid  corrections  of 
estimator  errors  and  filtering  of  noise  in  en- 
coder data. 

The  servofeedback  loop  is  closed  by 
multiplying  the  state  estimate,  E,  by  a  feed- 
back gain,  K.  Because  the  estimate,  I,  is 
approximately  equal  to  the  equipment  out- 
put (state  vector),  X,  the  result  is  an  effec- 
tive feedback  loop  around  the  equipment. 
The  dynamic  properties  of  the  closed  ser- 
voloop  are  thus  controlled  by  the  value  of 
K.  The  input  to  the  software  rate-and- 
acceleration  limiter  is  given  by 
U  =  N«H-K'f 


where  R  is  the  input  command,  N  is  the  in- 
put gain  constant,  and  K»E  is  the  scalar 
product  which,  when  expanded,  yields 

U  =  H'*-K,*,-K2-E2- 


K3#i3' 


K6E6 


The  input  gain,  N,  controls  the  overall  gain 
of  the  servo  and  is  assigned  different 
values  according  to  the  mode  of  operation. 

The  elements  Kt  of  gain  vector  K  corre- 
spond to  integral  error,  position,  rate, 
acceleration,  and  other  gains,  and  thus  de- 
termine the  closed-loop  stiffness  and  dy- 
namic response  of  the  servo.  The  K  values 
are  assigned  to  impart  the  desired  linear- 
system  performance. 

This  work  was  done  by  Robert  E.  Hill 
of  Caltech  for  NASA's  Jet  Prooulaian 
Laboratory. 
NPO-17482/TN 
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Carrying  Synchronous  Voice  Data  on  Asynchronous  Networks 

Buffers  restore  synchronism  for  internal  use  and  permit  asynchronism  in  external  transmission. 


A  proposed  asynchronous  local-area 
digital  communication  network  (LAN) 
would  carry  synchronous  voice,  data,  or 
video  signals,  or  non-real-time  asyn- 
chronous data  signals.  The  network  would 
use  a  double  buffering  scheme  that  rees- 
tablishes phase  and  frequency  references 
at  each  node  in  the  network.  The  concept 
has  been  demonstrated  in  a  token-ring  net- 
work operating  at  80  Mb/s,  pending  devel- 
opment of  equipment  that  can  operate  at 
the  planned  data  rate  of  200  Mb/s.  How- 
ever, the  technique  is  generic  and  can  be 
used  with  any  LAN  as  long  as  the  protocol 
offers  deterministic  (or  bonded)  access  de- 
lays and  sufficient  capacity. 

In  the  network,  signals  are  transmitted 
along  fibers  as  discrete  packets  of  data.  At 
each  node  in  the  network,  an  input  buffer 
queues  the  packets  for  synchronous  de- 
livery to  the  node  equipment,  while  an  out- 
put buffer  queues  synchronous  signals 
from  the  equipment  for  transmission  over 
the  network  in  asynchronous  packets.  This 
approach  is  called  "double  elastic  buffer- 
ing." The  buffers  are  elastic  in  that  the 
lengths  of  the  queues  can  vary  as  the  rates 


of  arrival  or  departure  of  packets  vary.  Of 
course,  if  the  overall  packet  rate  for  the 
network  is  fairly  constant,  the  mean  queue 
length  for  all  nodes  also  remains  constant. 

The  scheme  is  analogous  to  a  bucket 
brigade  between  two  barrels  of  water  (see 
figure).  The  input  and  output  barrels  are 
continuously  filled  and  emptied,  respec- 
tively, by  identical  pipes.  As  long  as  the  net 
volume  of  water  (bits)  passing  through  the 
system  remains  constant,  no  information  is 
lost.  In  a  real  system,  the  steady  flows  at 
the  nodes  may  not  be  precisely  the  same, 
corresponding  to  local  timing  frequencies 
that  are  slightly  different.  The  barrels  (buff- 
ers) would  then  overflow  or  empty  even- 
tually. Therefore,  the  input/output  frequen- 
cies should  be  matched  closely  (<  1  ppm). 
An  input/output  buffer  skew  can  be  cor- 
rected by  either  discarding  or  duplicating  a 
packet.  Typically,  this  only  affects  a  few 
voice  samples  every  few  hours  and  is 
largely  undetectable. 

The  size  and  average  rate  of  packets, 
the  size  of  the  buffer,  and  the  synchronous 
output  and  input  rates  of  the  buffers  (cor- 
responding to  the  sizes  of  the  buckets,  the 


rate  of  delivery  of  buckets,  size  of  the  bar- 
rel, and  the  rates  of  flow  in  the  pipes)  are 
set  by  design  according  to  the  require- 
ments of  the  blend  of  traffic  on  the  network. 
For  example,  small  packets  at  high  rates 
reduce  the  latency  through  the  network  — 
the  time  it  takes  a  signal  to  pass  from  a 
transmitting  to  a  receiving  node,  including 
queue  time  and  transmission  time,  but  are 
vulnerable  to  loss  when  traffic  becomes 
congested.  Low  latency  is  important  in 
feedback  control  systems,  parallel  proces- 
sors, and  many  human/machine  inter- 
faces that  require  fast  responses. 

For  another  example,  large  packets  en- 
able the  use  of  lower  rates  and  increase 
the  tolerance  of  the  network  to  fluctuations 
in  traffic.  However,  they  increase  queuing 
time.  The  latency  of  the  system  may  then 
be  too  great  for  fast-response  nodes.  The 
delay  may  not  necessarily  be  too  great  for 
voice  traffic  however,  provided  that  it  does 
not  cause  echoes. 

The  size  of  a  buffer  should  be  at  least  4.5 
Kbits  for  voice  signals.  This  size  is  based  on 
an  input/output  rate  of  1.544  Mb/s  in  a  nine- 
station,  1-km  ring  operating  at  80  Mb/s  with 
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The  Bucket-Brigade  Analogy  illustrates  the  flow  of  synchronous  digital  data  from  node  to  node  through  the  asynchronous  network. 
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2-Kbyte  packets.  The  technique  will  allow 
up  to  26  T1  circuits  (an  equivalent  of  624 
voice  channels)  to  be  transmitted  over  an 
80  Mb/s  LAN. 

This  work  was  done  by  Larry  A. 
Bergman  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
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Frequency  Estimation 
Techniques  for  High 
Dynamic  Trajectories 

Four  frequency-estimation 
techniques  are  compared  by 
means  of  analysis  and 
numerical  simulations. 

This  report  presents  a  comparative 
study  of  four  techniques  for  estimating  the 
frequency  of  a  sinusoidal  signal  received  in 
the  presence  of  noise  when  the  transmitter 
and/or  receiver  are  experiencing  very  high 
dynamics.  The  study  bears  directly  on  the 
processing  of  signals  encountered  by 
Global  Positioning  System  receivers.  The 
four  techniques  involve  an  approximate- 
maximum-likelihood  estimator,  an  extend- 
ed Kannan  filter,  a  cross-product  automat- 
ic-frequency-control loop,  and  a  digital 
phase-locked  loop,  respectively.  In  numer- 
ical simulations,  each  technique  is  applied 
to  the  signal  from  a  transmitter  maneu- 
vering along  a  common  trajectory;  the  per- 
formance of  each  is  examined  to  deter- 
mine its  useful  operating  range,  and  the 
performances  are  compared. 

The  trajectory  is  characterized  by  posi- 
tive- and  negative-going  pulses  in  jerk  last- 
ing 0.5  s  and  having  a  magnitude  of  100  g/s 
(where  g  =  normal  Earth  gravitational  ac- 
celeration, ~9.8  m/s),  separated  by  a  con- 
stant acceleration  lasting  2  s.  A  mathemati- 
cal model  is  developed  for  the  received 
signal,  which  is  frequency  modulated  by 
the  Doppler  effect  of  this  trajectory.  The 
trajectory-modulated  signal  is  assumed  to 
be  accompanied  by  zero-mean,  stationary 
Gaussian  noise,  the  bandwidth  of  which 
greatly  exceeds  that  of  the  signal  but  is 
otherwise  regarded  as  narrow.  The  in- 
phase  and  quadrature  signals  are  as- 


sumed to  be  sampled  and  sent  to  digital 
accumulators,  the  outputs  of  which  are 
modeled.  An  equation  for  the  statistics  of 
the  samples  is  also  derived. 

Next,  the  frequency-estimating  algo- 
rithms are  described.  The  maximum-likeli- 
hood estimates  of  the  parameters  of  the 
signal  (amplitude,  frequency,  and  phase) 
are  those  values  that  simultaneously  maxi- 
mize the  conditional  joint  probability  densi- 
ty of  the  observation  vector,  conditioned  on 
the  parameters  of  the  signal.  For  each  esti- 
mate, the  observation  vector  consists  of 
consecutive  samples  obtained  during  an 
interval  that  is  short  compared  to  the  char- 
acteristic time  scale  of  the  variations  in  the 
trajectory. 

The  maximum-likelihood  estimator  pro- 
vides the  average  values  of  the  parame- 
ters after  processing  a  large  number  of 
samples.  In  contrast,  the  extended  Kalman 
filter  yields  an  instantaneous  estimate  after 
each  new  sample  based  on  the  latest  sam- 
ple and  previous  estimates.  In  the  cross- 
product  automatic-frequency-control  loop, 
a  frequency  discriminator  tracks  the  re- 
ceived frequency,  and  its  output  is  a  cross 
product  of  two  consecutive  pairs  of  in- 
phase  and  quadrature  samples.  The  phase- 
locked  loop  is  a  fifth-order  digital  loop, 
which  was  chosen  because  it  can  track 
linear  variations  in  frequency  with  zero 
steady-state  error. 

A  mathematical  model  was  developed 


for  each  case  and  used  in  the  simulation 
with  the  trajectory-modulated  signal.  The 
maximum-likelihood  approach  was  found 
to  attain  the  lowest  loss-of-lock  threshold 
(23  dB-Hz),  as  well  as  the  lowest  root- 
mean-square  estimation  errors  above 
threshold.  Although  the  performance  of 
the  extended  Kalman  filter  was  somewhat 
worse  in  both  respects,  it  was  able  to  oper- 
ate with  lower  frequency-estimation  errors 
near  threshold.  The  digital  phase-locked 
loop  performed  well  above  threshold  but 
could  not  maintain  lock  reliably  below 
about  26  dB-Hz.  The  threshold  for  the 
cross-product  automatic-frequency-con- 
trol loop  was  somewhat  lower  than  for  the 
phase-locked  loop,  but  its  estimation  errors 
above  threshold  were  the  greatest  of  the 
four  algorithms.  In  general,  the  perform- 
ance of  an  algorithm  in  terms  of  the  proba- 
bility of  loss  of  lock  and  the  estimation  error 
depends  on  the  severity  of  the  dynamics 
and  on  the  extent  to  which  the  parameters 
of  the  signal-processing  system  can  be 
matched  to  the  temporal  characteristics  of 
the  trajectory. 

This  work  was  done  byV.A.  Viln rotter, 
S.M.  Hinedi,  and  R.  Kumar  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"A  Comparison  of  Frequency  Estimation 
Techniques  for  High  Dynamic  Trajec- 
tories." 
NPO-17695/TN 
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Graphical  Display  of  Test-Flight  Trajectories 

Trajectories  are  displayed  directly  on  maps. 


A  computer  graphical  system  shows  the 
trajectories  of  experimental  aircraft  in  real 
time  during  flight  tests.  The  system  enables 
an  operator  to  choose  a  variety  of  display 
modes  and  to  issue  course  corrections  to 
the  pilot.  The  principle  of  the  system  can  be 
adapted  to  a  variety  of  civil,  military,  and 
commercial  uses  in  which  the  paths  of  ve- 
hicles are  overlaid  on  maps  —  for  exam- 
ple, in  dispatching  delivery  vans. 

The  graphical  system  is  housed  in  a 
computer  workstation.  It  accepts  proc- 
essed data  from  telemetry  and  radar 
systems.  It  employs  a  32-bit  processor  and 
the  UNIX  operating  system.  Its  software 
package,  RIM  (for  real-time  interactive 
map),  consists  of  about  7,000  lines  of  code 
in  C  language.  Its  data  base  is  derived  from 
maps  from  the  U.S.  Geological  Survey  and 
the  Defense  Mapping  Agency. 

The  operator  can  select  the  level  of 
detail  in  the  map.  By  eliminating  certain 
map  features,  the  operator  makes  the  map 
less  cluttered  and  can  concentrate  on 
points  of  special  interest.  At  any  time,  the 
operator  can  zoom  toward  or  away  from 
the  map  and  can  translate  the  map  in  any 
direction.  By  pressing  a  button  near  the  dis- 
play screen,  the  operator  can  order  a  color 
print  of  any  image.  In  35  to  45  seconds,  the 
workstation  prints  a  paper  copy  of  the 
display. 

This  work  was  done  by  Robert  G. 
Comperini  and  Donald  C.  Rhea  of  Ames 
Research  Center.  Further  information 
may  be  found  in  NASA  TM-1 00429  [N88- 
20344],  Price  Code:  A03  "Development 
of  an  Interactive  Real-Time  Graphics 
System  for  the  Display  of  Vehicle  Space 
Positioning. " 


< 


The  Basic  Display  Shows  the  Path  traveled  by  an  aircraft  as  a  white  line  on  a  map.  Alpha- 
numeric data  on  the  aircraft  can  be  called  up  in  a  window  display  like  that  at  lower  right. 


Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center.  Refer  to 
ARC-12211/TN. 


Ames  Research  Ctr. 
Technology  Utilization 
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Integrated  Optoelectronic  Interface 

A  "universal"  interface  would  be  easily  adaptable  to  specific  equipment. 


A  proposed  optoelectronic  integrated- 
circuit  device  would  serve  as  a  "universal" 
or  standard  interface  for  the  transmission 
and  reception  of  digital  and  analog  signals 
in  communication,  data-processing,  and 
control  systems.  The  device  would  elimi- 
nate the  need  for  the  custom  design  of  in- 
terface circuitry  in  the  sense  that  it  would 
embody  a  "master-chip"  design  that  would 
be  easily  adaptable  to  use  with  specific 
equipment. 

The  device  would  include  a  directly  mod- 
ulated semiconductor  laser  to  generate 
light  signals  for  transmission  along  an  op- 
tical fiber;  a  positive/intrinsic/negative,  ava- 
lanche, or  other  photodiode  to  detect  light 
signals  received  along  another  optical  fiber; 
and  driving,  synchronizing,  preamplifying, 
and  signal-regenerating  circuitry.  The 
device  would  be  able  to  multiplex  the  elec- 
tronic signals  before  transmission  and/or 
demultiplex  the  electronic  signals  after  re- 
ception. 

The  various  configurations  and  modes 
of  operation  of  the  interface  would  include 
the  following  (see  figure): 

•  Simplex  Transmitter:  In  this  mode,  the  de- 
vice would  transmit  an  optical  signal  am- 
plitude-modulated in  proportion  to  the  in- 
put electronic  signal. 

•  Simplex  Receiver:  In  this  mode,  the  device 
would  receive  optical  signals,  detect  them, 
and  shape  them  so  that  they  could  directly 
drive  digital  electronic  circuitry. 

•  Duplex  Transceiver:  This  mode  would  be  a 
combination  of  the  two  simplex  modes. 

•  Digital  Repeater:  This  mode  would  be 
useful  in  an  application  in  which  the  link  is 
too  long  to  maintain  repeaterless  trans- 
mission. In  this  case,  the  output  of  the  re- 
ceiver circuit  would  be  connected  directly 
to  the  laser  driver. 

•  Analog  Repeater:  In  this  mode,  the  detect- 
ed signal  would  not  be  fed  into  the  digital 
shaping  circuitry,  but  directly  routed  to  the 
laser  driver.  This  configuration  would  be 
most  appropriate  for  the  highest  operating 
speed. 

The  configuration  for  a  specific  case 
could  be  selected  at  one  of  the  last  steps  of 
fabrication  of  the  device,  by  use  of  spe- 
cialized metallization  masks.  Alternatively, 
the  interconnections  could  be  made  via 
transistor  switches,  which  could  be  con- 
trolled by  external  logic  circuitry,  internal 
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The  Integrated  Optoelectronic  Interlace  would  be  made  as  a  "master"  Integrated-clrcuit 
chip.  The  Interconnections  between  the  component  circuits  on  the  chip  could  be  selected  to 
choose  any  of  the  operating  modes  and  configurations  shown  here. 
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logic  circuitry,  software  supplied  by  the 
user,  or  some  combination  of  these. 

The  concept  of  the  interface  is  based  on 
the  level  of  integration  achievable  in  cur- 
rent technology.  It  also  provides  for  an- 
ticipated technological  progress;  e.g.,  the 
replacement  of  AIGaAs  integrated  circuitry 
with  InGaAsP  circuitry.  In  addition,  the 
"master-chip"  concept  can  be  extended  to 
optoelectronic  circuitry  of  greater  com- 
plexity to  address  more-general  issues  in 
the  optoelectronic  processing  of  signals. 

This  work  was  done  by  Joseph  Katz  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NPO-17650/TN. 
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Interpolation  and  FFT  of 
Near-Field  Antenna 
Measurements 

The  bivariate  Lagrange 
interpolation  is 
applied  to  plane-polar 
measurement  scans. 

A  report  discusses  some  recent  advan- 
ces in  the  application  of  fast-Fourier-trans- 
form (FFT)  techniques  to  measurements  of 
the  near  radiation  fields  of  antennas  on  a 
plane-polar  grid.  Attention  is  focused  main- 
ly on  the  use  of  such  measurements  to  cal- 
culate far  radiation  fields.  There  is  also 
some  discussion  of  the  use  of  FFT's  in  the 
holographic  diagnosis  of  distortions  of 
antenna  reflectors. 

To  apply  the  FFT,  it  is  necessary  to  ob- 
tain measurements  at  points  spaced  regu- 
larly on  a  rectangular  grid  in  a  plane.  How- 
ever, it  is  often  more  practical  to  measure 
at  equal  radial  and  angular  intervals  on  a 
plane-polar  grid.  The  authors  use  the  bivar- 
iate Lagrangian  interpolation  scheme  to 
estimate  the  field  quantities  at  each  point 
on  the  rectangular  grid  from  the  field  quan- 
tities measured  at,  and  the  coordinates  of, 
the  four  nearest  points  on  the  polar  grid. 
The  advantage  of  this  scheme  is  that  it 
speeds  the  calculations  because  it  re- 
quires fewer  data  and  manipulations  of 
data  than  do  other  schemes  used  for  this 
purpose. 

The  interpolation  is  carried  out  at  points 
on  the  rectangular  grid,  the  outermost  lines 


of  which  are  tangent  to  the  outermost 
measurement  circle.  At  points  on  the  rec- 
tangular grid  outside  this  circle,  the  meas- 
ured field  is  arbitrarily  assigned  the  value  of 
zero,  as  is  often  done  in  such  cases.  The 
horizontal  grid  interval  Ax  may  differ  from 
the  vertical  interval  Ay  as  long  as  these  in- 
tervals satisfy  the  requirements  for  the 
FFT  and  define  the  measurement  plane 
fully.  The  data  on  the  amplitude  and  phase 
of  the  field  are  converted  to,  and  interpo- 
lated as,  complex  numbers;  this  is  not 
mathematically  equivalent  to  interpolation 
of  the  amplitude  and  phase  themselves. 
However,  the  results  of  the  FFT  are  nearly 
the  same  in  both  cases,  and  the  complex- 
number  representation  is  better  suited  to 
the  FORTRAN  computing  routines  used  by 
the  authors. 

To  compute  the  far  field  from  the  meas- 
ured near  field,  the  near-field  quantities  are 
first  converted  to  an  apparent  induced  cur- 
rent in  the  measurement  plane.  The  far 
field  is  related  to  this  apparent  induced  cur- 
rent via  a  radiation  integral,  which  can  be 
written  as  a  Fourier  transform.  The  integra- 
tion is  computed  as  an  FFT,  with  transform 
variables u,  v[u  =  sin (8) cos (<}>);  v  =  sin(0) 


sin  (<j>),  where  8  and  <t>  are  the  polar  and 
azimuthal  angles  of  the  observation  vector 
to  the  far-field  point  in  a  spherical  coor- 
dinate system,  and  u  and  v  are  thus  propor- 
tional to  the  rectangular  far-field  coordi- 
nates]. 

With  respect  to  holographic  diagnosis, 
the  previous  literature  describes  the  de- 
duction of  distortions  of  reflector  surfaces 
from  far-field  measurements.  In  this  study, 
the  authors  bypass  the  measurements  and 
calculations  of  the  far  field  and  instead 
diagnose  the  distortion  by  applying  FFT's 
to  the  near-field  measurements.  The  ef- 
fects due  to  the  focusing  of  the  radiation 
emerging  from  the  reflector  and  the  effects 
of  the  information  in  the  wide-angle  regions 
of  the  far  field  upon  the  computed  distor- 
tion are  examined.  The  authors  recom- 
mend further  study  in  this  area. 

This  work  was  done  by  Mark  S.  Gatti 
and  Yahya  Rahmat-Samii  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"FFT  Applications  to  Plane-Polar  Near- 
Field  Antenna  Measurement." 
NPO-17597/TN 
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Optical  Matrix-Matrix  Multiplier 

A  concept  offers  the  speed  of  fully-parallel  optical  processing. 


A  proposed  apparatus  for  the  optical 
multiplication  of  two  matrices  would  be 
based  on  the  Stanford  optical  vector.ma- 
trix  multiplier.  Unlike  previous  matrix.ma- 
trix  optical  processors,  this  one  does  not 
require  the  redundant  representation  of 
one  of  the  matrices.  Because  the  appara- 
tus would  perform  the  multiplication  in  a 
fully  parallel  manner,  it  could  be  incorpo- 
rated as  a  subsystem  into  a  large  optical- 
processing  system. 

One  of  the  matrices  would  be  represent- 
ed by  a  planar  N-by-N  array  of  light-emitting 
diodes,  while  the  other  would  be  represent- 
ed by  a  spatial  light  modulator  of  N-by-N 
picture  elements  (see  figure).  The  portion 
of  the  apparatus  between  planes  3  and  5 
would  be  almost  identical  to  that  of  the 
Stanford  multiplier,  in  which  an  input  row 
vector  is  multiplied  by  the  spatial  light  mod- 
ulator to  generate  an  output  column  vector 
on  plane  5. 

If  two  row  vectors  were  present  at  the 
input  of  the  Stanford  multiplier,  the  output 
column  vectors  would  be  superimposed. 


However,  if  a  linear-phase  mask  (which 
makes  the  phase  vary  along  the  length  of  a 
row  vector)  were  placed  over  one  of  the  in- 
put vectors,  its  output  column  vector  would 
be  displaced  to  the  side  of  the  other  col- 
umn vector.  The  width  of  the  output  column 
vectors  would  be  controlled  by  spatially 
filtering  the  input  row  vectors  through  the 
slit  at  plane  2  before  the  light  passes 
through  the  linear-phase  mask.  This  would 
enable  a  large  number  of  row  vectors  to 
pass  through  the  vector.matrix  multiplier 
simultaneously  and  produce  the  set  of  spa- 
tially-distinguishable output  column  vec- 
tors that  would  constitute  the  product  ma- 
trix. 

This  work  was  done  by  Gregory  Gheen 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 
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Matrix  1:  Planar  Array 
of  Light-Emitting  Diodes 


Matrix  2:  Spatial 
Light  Modulator 


Product  Matrix: 

Side-by-Side 
Column  Vectors 


Note:  All  Lenses  have  the  same  focal  length 


Plane  5 


Cylindrical  Lenses 


The  Optical  Matrix* Matrix  Multiplier  would  process  the  inputs  in  a  fully  parallel  fashion,  without  redundant  matrix  images  or  ancillary  inter- 
mediate electronic  processing. 
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Output  Control  Using 
Feedforward  and 
Cascade  Controllers 

Open-loop  solutions  to 
the  output-control 
problem  are  studied. 

A  report  presents  a  theoretical  study  of 
open-loop  control  elements  in  a  single-in- 
put, single-output  linear  system.  The  focus 
is  on  the  output-control  (servomechanism) 
problem,  in  which  the  objective  is  to  find 
the  control  scheme  that  causes  the  output 
to  track  cerfain  command  inputs  and  to  re- 
ject certain  disturbance  inputs  in  the 
steady  state. 

The  output  y(t)  of  the  system  to  be  con- 
trolled (where  t  -  time)  is  expressed  as  a 
weighted  sum  of  the  control  input  u(t),  the 
disturbance  input  w(t),  and  the  state  of  the 
system  x(f).  The  internal  dynamics  of  the 
system  are  described  by  expressing  the 
rate  of  change  of  x(f)  as  a  weighted  sum  of 
x(t),  u(t),  and  w(t).  A  disturbance-feedfor- 
ward controller  (called  simply  the  "feedfor- 
ward" controller)  provides  a  filtered  ver- 
sion of  w(t)  to  the  input  terminal,  where  it 
constitutes  an  additive  component  of  u(t).  A 
command-feedforward  controller  (called 
the  "cascade"  controller)  provides  a  fil- 
tered version  of  the  command  signal  v(t) 
that  also  is  an  additive  component  of  u(t). 

The  equations  that  describe  the  forego- 
ing are  Laplace-transformed  into  transfer- 
function  form.  The  problem  then  becomes 
one  of  finding  the  Laplace  transforms  P(s) 
of  the  feedforward  controller  and  Q(s)  of 
the  cascade  controller  (where  s  =  the  Lap- 
lace-transform complex  frequency)  that 
make  y(t)  track  v(t)  and  suppress  the  influ- 
ence of  w(t)  on  the  output  in  the  steady 
state. 

Assuming  that  the  system  is  stable,  it  is 
shown  that  a  necessary  and  sufficient  con- 


dition for  the  P(s)  that  rejects  w(t)  in  the 
steady  state  is  that  the  poles  of  W(s)  [the 
Laplace  transform  of  w(t)]  not  coincide  with 
the  zeros  of  the  control  component  of  the 
transfer  function  of  the  system.  The  ideal 
P(s)  can  be  calculated  as  a  ratio  of  the  con- 
trol component  to  the  disturbance  compo- 
nent of  the  transfer  function  of  the  system, 
evaluated  at  the  poles  of  W(s).  The  zeros  of 
W{s)  need  not  be  known. 

Similarly,  it  is  shown  that  a  necessary 
and  sufficient  condition  for  the  CXs)  that 
makes  y(t)  track  v(t)  in  the  steady  state  is 
that  the  poles  of  V(s)  [the  Laplace  trans- 
form of  v(t)]  also  not  coincide  with  the  zeros 
of  the  control  component  of  the  transfer 
function  of  the  system.  The  ideal  Q(s)  can 
be  calculated  as  a  reciprocal  of  the  control 
component  of  the  transfer  function  of  the 
system,  evaluated  at  the  poles  of  V(s). 

Next,  it  is  shown  that  if  the  system  is  un- 
stable, it  can  be  stabilized  by  the  addition  of 
a  feedback  controller  K(s),  the  form  of 
which  is  determined  by  using  standard  pro- 
cedures. The  selection  of  K(s)  has  no  effect 
on  Q(s)  and  P(s);  that  is,  the  feedback  con- 
troller can  be  designed  independently  of 
the  feedforward  and  cascade  controllers. 

The  report  closes  with  a  brief  discussion 
of  the  characteristics  and  relative  merits  of 
feedforward,  cascade,  and  feedback  con- 
trollers and  combinations  thereof.  The 
main  points  can  be  summarized  as  follows: 
•  Where  the  time  constants  of  a  system  are 
appreciable,  a  feedback  controller  is  ineffi- 
cient for  the  rejection  of  disturbances,  but 


a  feedforward  controller  can  counteract 
the  effects  of  disturbances  quite  well. 

•  In  principle,  feedforward  controllers  can 
track  commands  and  reject  disturbances 
perfectly,  but,  to  do  so,  they  require  exact 
knowledge  of  the  parameters  of  the  sys- 
tem and  cannot  accommodate  changes 
in  these  parameters. 

•  Feedforward  and  cascade  controllers  are 
generally  simpler  and  of  lower  order  than 
are  feedback  controllers. 

•  Feedforward  control  can  reject  only  meas- 
urable disturbances. 

This  work  was  done  by  Homayoun 
Seraji  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  "Output  Control  Using 
Feedforward  and  Cascade  Controllers. " 
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Pulse-Position  Modulation 
for  Optical  Communication 

Pulsed  Nd:YAG  lasers  would 
transmit  information 
over  long  distances. 

A  report  discusses  schemes  for  the 
pulse-position  modulation  of  neodymium: 
yttrium  aluminum  garnet  (Nd:YAG)  lasers 
for  the  optical  transmission  of  data  be- 
tween distant  spacecraft  and  stations  on 
Earth.  Optical  communication  is  an  attrac- 
tive alternative  to  radio  communication  be- 
cause it  involves  smaller,  lighter  equipment 
and  because  optical  beams  can  be  made 
to  diverge  less  than  radio  beams  do,  there- 
by using  the  radiated  power  more  efficient- 
ly. 

In  the  communication  system  envi- 
sioned, the  transmitter  would  include  a 
Nd:YAG  rod  pumped  longitudinally  by  laser 
diodes.  The  second  harmonic  of  the  funda- 
mental (1.06-/jm  wavelength)  output  of  the 
laser  would  be  generated  in  the  laser  cavi- 
ty by  KTiP04,  a  nonlinear  optical  material. 
The  modulated  beam  of  light  would  be  sent 
out  through  a  telescope  to  keep  the  diverg- 
ence low. 

The  receiver  would  not  require  a  diffrac- 
tion-limited imaging  telescope:  a  simple 
large  collector  (like  a  solar  collector)  would 
suffice.  At  the  receiver,  most  of  the  back- 
ground light  would  be  suppressed  by  a  nar- 
rowband interference  filter.  Further  re- 


jection of  noise  would  be  provided  by  the 
narrow  time  slots  in  which  information 
would  appear.  The  optical  signals  would  be 
detected  by  cooled  avalanche  photo- 
diodes. 

An  important  element  in  the  design  is 
the  choice  between  Q-switching  and  cavi- 
ty-dumping modulation  schemes.  In  Q- 
switching,  energy  is  stored  in  the  inversion 
of  the  atomic  population  by  keeping  the  Q 
(the  ratio  of  the  angular  frequency  of  the 
radiation  to  the  rate  of  damping  of  the 
radiation  by  the  cavity)  too  low  to  support 
oscillation.  This  is  accomplished  in  the 
laser  cavity  with  an  element,  the  damping 
of  which  can  be  controlled.  Atoms  are 
pumped  to  the  upper  state,  but,  in  the 
absence  of  stimulated  emission,  popula- 
tion of  the  upper  state  is  greater  than  in  the 
equilibrium  condition  achieved  when  las- 
ing  occurs.  When  the  Q  is  increased  (by 
reducing  the  damping),  the  energy  in  the 
atoms  is  immediately  available,  and  the 
rate  of  stimulated  emission  becomes  large. 
A  high-energy  pulse  then  depletes  the  up- 
per level,  and  lasing  ceases  temporarily.  If 
the  Q  is  reduced  at  that  moment,  the  pump 
energy  again  begins  accumulating  popula- 


tion in  the  upper  state.  The  time  required  to 
repump  the  population  inversion  and  the 
time  required  to  build  up  the  electromag- 
netic field  in  the  laser  cavity  impose  an  up- 
per limit  on  the  rate  of  Q-switching.  A  pulse- 
repetition  frequency  of  the  order  of  50  kHz 
is  the  maximum  value  that  can  provide 
high-peak-power  pulses  from  Nd:YAG. 

For  pulse  repetition  frequencies  above 
50  kHz,  cavity  dumping  is  preferred.  In  this 
approach,  instead  of  storing  the  energy  in 
atoms,  the  energy  is  stored  in  the  photon 
field  of  the  cavity.  The  output  coupling 
strength  is  varied  so  that  the  energy  in  the 
cavity  is  extracted  when  it  is  needed.  The 
laser  is  kept  above  threshold  during  the  en- 
tire process.  Although  cavity  dumping  can 
be  extremely  efficient  at  frequencies  of 
many  megahertz,  at  low  pulse-repetition 
frequencies  it  is  less  efficient. 

This  work  was  done  by  M.D.  Ray  man 
and  D.L  Robinson  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory.  "Modulation 
Techniques  for  Deep-Space  Pulse- 
Position  Modulation  (PPM)  Optical 
Communication." 
NPO-17506/TN 
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Mechanically-Steered,  Mobile  Satellite-Tracking  Antenna 

The  signal  from  a  satellite  can  be  tracked  in  a  moving  vehicle. 


An  L-band,  mechanically-steered,  medi- 
um-gain antenna  is  part  of  the  prototype 
radio  equipment  mounted  in  a  vehicle  to 
demonstrate  the  concept  of  a  land-mobile/ 
satellite  communication  system.  The  sys- 
tem will  provide  such  services  as  mobile 
telephone,  voice  or  alphanumeric  dis- 
patch, paging,  position-location  informa- 
tion, and  low-rate  data  transmission,  for 
users  within  the  continental  United  States 
and  Alaska. 

The  radiating  part  is  a  linear  array  of  four 
square  microstrip  patches  tilted  with  re- 
spect to  the  ground  plane  to  provide  cover- 
age of  the  range  of  elevation  angles  from 
20°  to  60°.  The  minimum  gain  over  the 
ranges  of  transmitting  frequencies  from 
1646.5  to  1660.5  MHz  and  receiving  fre- 
quencies from  1545.0  to  1559.0  MHz  is  10 
dB  with  respect  to  a  circularly  polarized 
isotropic  source.  In  addition  to  providing  a 
gain  up  to  6  dB  better  than  that  of  a  low- 
gain,  omnidirectional  antenna,  and  thus 
reducing  the  required  power  and/or  size  of 
the  antenna  aboard  the  satellite,  the  nar- 
rower beam  provides  much  higher  rejec- 
tion of  multipath  signals  and  can  be  made 
to  provide  enough  isolation  for  operation  in 
the  presence  of  two  satellites. 

The  rotating  antenna  platform  is  mount- 
ed on  a  fixed  platform  that  includes  a  motor 
drive  and  rotation-rate  sensors.  The  initial 
pointing  toward  the  satellite  (acquisition)  is 
achieved  by  seeking  the  direction  from 
which  maximum  power  is  received  from  a 
pilot  signal  transmitted  by  the  satellite.  The 
tracking  is  performed  by  a  single-channel 
phase-comparison  monopulse  scheme  in 
which  the  difference  between  the  level  of 
the  signals  received  by  the  two  identical 
halves  of  the  antenna  array  is  used  as  an 
error  signal  to  drive  the  stepping  motor  that 
rotates  the  antenna  platform. 

The  antenna  has  been  mounted  on  the 
test  van  (see  Figure  2)  that  serves  as  a 
mobile  platform  for  evaluation  of  the  evolv- 
ing ground  equipment,  including  the  steer- 
able  antenna,  transceiver  equipment, 
modulation,  and  coding  schemes.  The 
antenna  system  is  covered  by  a  cylindrical 
polyester-and-glass  radome  that  has  a  di- 
ameter of  20  in.  (51  cm)  and  a  height  of  9  in. 
(23  cm),  and  has  little  effect  on  the  radia- 
tion pattern  of  the  antenna. 

The  antenna  has  been  tested  in  con- 
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Figure  1.  The  Antenna  Is  Rotated  Mechanically  until  it  finds  the  direction  from  which  the 
maximum  signal  comes.  The  rate  sensors  provide  an  inertial  frame  of  reference  during  ac- 
quisition, so  that  the  antenna  can  lock  onto  the  signal  even  when  the  vehicle  is  turning. 
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Figure  2.  The  Antenna  Is  Mounted  on  top  of  a  van  that  serves  as  a  test  vehicle  for  the  land- 
mobile/satellite  communication  system  now  undergoing  development. 
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junction  with  the  1,000-ft  (305-m)  National 
Oceanic  and  Atmospheric  Administration 
tower  in  Erie,  Co.  and  with  the  INMARSAT 
satellite.  The  antenna  has  acquired  and 
maintained  tracking  in  a  variety  of  field 
conditions  and  at  vehicle  speeds  up  to  60 
mph  (27  m/s).  Plans  call  for  further  tests,  a 


higher  degree  of  integration  of  the  discrete 
radio-frequency  components  with  the  ar- 
ray, and  reduction  of  the  overall  height  of 
the  antenna  to  about  4.5  in.  (11.4  cm)  by 
removal  of  the  pointing  electronics  from 
the  fixed  lower  platform  to  behind  the  tilted 
array  on  the  rotating  platform,  or  to  a 


C» 


separate  compartment  inside  the  vehicle. 
This  work  was  done  by  D.J.  Bell,  J.B. 
Berner,  V.  Jamnejad,  and  K.E.  Woo  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 
NPO-17607/TN 
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Reducing  Speckle  in  One-Look  SAR  Images 

A  digital  filter  adapts  to  local  statistics  of  picture  elements. 


A  local-adaptive-filter  algorithm  is  incor- 
porated into  the  digital  processing  of  syn- 
thetic-aperture-radar (SAR)  echo  data  to 
reduce  the  speckle  in  the  resulting  imagery. 
The  speckle  pattern  arises  from  random  in- 
terference among  returns  from  numerous 
scatterers  on  a  rough  target  surface  within 
a  resolution  element  and  is  typically  con- 
sidered a  component  of  image  noise.  The 
algorithm  involves  the  use  of  the  image 
statistics  in  the  vicinity  of  each  picture  ele- 
ment, in  conjunction  with  the  original  inten- 
sity of  the  element,  to  estimate  a  bright- 
ness more  nearly  proportional  to  the  true 
radar  reflectance  of  the  corresponding 
target. 

The  probability  density  of  the  speckle 
noise  is  assumed  to  vary  from  resolution 
cell  to  resolution  cell  as  the  negative  ex- 
ponential of  a  quantity  proportional  to  the 
sum  of  the  squares  of  the  in-phase  and 
quadrature  amplitudes  of  the  SAR  re- 
sponse to  a  point  target.  It  is  also  assumed 
that  the  signal  is  much  stronger  than  the 
thermal  noise,  so  that  the  brightness  of  a 
speckled  picture  element  can  be  modeled 
as  the  product  of  the  true  local  radar  reflec- 
tance and  the  speckle  noise.  The  statistics 
of  the  noise  are  found  to  depend  on  the 
signal  and  give  rise  to  a  signal-dependent 
correction  formula. 

This  formula  is  applied  to  an  MxM 
block  of  picture  elements  centered  on  the 
element  for  which  the  estimate  is  sought. 
The  estimated  brightness,  x,  of  the  central 
element  is  given  by 

X  =  y+y2[1-(y2/202)](y-y) 

where  y  =  the  average  observed  (that  is, 
speckled)  brightness  of  all  the  elements  in 
the  block,  y  =  the  observed  brightness  of 
the  central  element,  and  <£  =  the  variance 
of  the  brightnesses  of  the  elements  in  the 
block. 

The  block  has  to  be  large  enough  to  con- 
tain a  statistically  meaningful  number  of 
samples,  but  not  so  large  as  to  cause  unac- 
ceptable blurring  and  loss  of  resolution. 
The  performances  of  local  adaptive  filters 
of  various  sizes  were  compared  with  each 
other  and  with  those  of  other  filters  in  terms 
of  the  resolution  obtainable  at  a  given 
equivalent  number  of  looks  (ENL),  which  is 
the  ratio  x2lo*  over  a  window  of  uniform 
backscatter  in  the  final  image  (where  x  and 
oxare  defined  similarly  to  y  and  o   respec- 


tively). In  terms  of  these  quantities,  a  filter 
of  M  =  5  seemed  to  yield  the  best  results 
when  applied  to  two  SAR  test  images  (see 
figure). 

The  local  adaptive  filter  increases  the 
ratio  of  signal  to  speckle  noise  without  the 
substantial  degradation  of  resolution  com- 
mon to  multilook  SAR  images.  It  adapts  to 
the  local  variations  of  statistics  within  the 
scene,  preserving  subtle  details;  for  exam- 
ple, smoothing  relatively  uniform  areas 
while  preserving  edges.  Unlike  the  Kalman 
filter  and  other  adaptive  filters,  this  one  is 
computationally  simple.  It  lends  itself  to 


ORIGINAL  ONE-LOOK  IMAGE 
ENL  =  1.0 


LOCAL  ADAPTIVE  FILTER  (M  =  5) 
ENL  =  11.4 


MEDIAN  FILTER  (M  =  S) 
ENL  =  8.5 


AVERAGING  FILTER  (M  =  5) 
ENL  =  14.0 


TRADITIONAL  EIGHT-LOOK  PROCESSING 
ENL  =  7.0 


A  Raw  SAR  Image  (top)  of  agricultural  fields  was  processed  by  various  filtering  techniques, 
including  the  new  local-adaptive-filter  algorithm. 
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parallel  processing  of  different  segments  This  work  was  done  by  K.S.  Nathan 

of  the  image,  thus  making  possible  in-  andJ.C.  Curlander  of  Caltech  for  NASA's 

creased  throughput  —  possibly  even  real-  Jet  Propulsion  Laboratory. 

time  processing.  NPO- 1 7254/TN 
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VLSI  Reed-Solomon  Encoder  With  Interleaver 

Size,  weight,  and  susceptibility  to  burst  errors  are  reduced. 


An  encoding  system  built  on  a  single 
very-large-scale  integrated  (VLSI)  circuit 
chip  produces  a  (255,  223)  Reed-Solomon 
(RS)  code  with  programmable  interleaving 
up  to  a  depth  of  5.  The  new  encoder  weighs 
less  and  consumes  less  power  than  the 
prior  encoder  of  this  type,  which  contains 
at  least  32  chips  and  has  interleaving  capa- 
bility up  to  a  depth  of  2  only. 

The  numbers  255  and  223  denote  the 
total  number  of  symbols  and  the  number  of 
information  symbols,  respectively,  in  each 
code  word  (each  symbol  contains  8  bits). 
The  RS  code  can  correct  up  to  16  symbol 
errors  in  each  word.  The  RS  code  is  meant 
to  be  used  as  an  outer  code  concatenated 
with  an  inner  convolutional  Viterbi  code  of 
rate  1/2  and  constraint  length  7.  Interleav- 
ing at  the  RS  encoder  (at  the  input  of  the 
overall  coding/decoding  system)  helps  to 
reduce  the  vulnerability  of  the  RS  decoder 
(at  the  output  of  the  overall  coding/decod- 
ing system)  to  sequences  of  erroneous 
symbols  in  the  inner  transmission  channel 
or  in  the  Viterbi  decoder.  With  a  sufficient 
depth  of  interleaving,  a  burst  of  errors  in 
the  Viterbi  decoder  affects  only  one  sym- 
bol in  an  RS  code  word. 

An  RS  encoder  is  essentially  a  circuit 
that  performs  polynomial  division  in  a  finite 
field  —  an  operation  that  requires  finite- 
field  multiplication.  The  new  encoder  is 
based  on  E.  R.  Berlekamp's  bit-serial  mul- 
tiplication algorithm  for  a  (255,  223)  RS 
encoder  over  the  Galois  Field  (2s).  This  al- 
gorithm requires  only  shifting  and  exclu- 
sive-OR  operations  and  makes  possible  a 
VLSI  architecture  that  can  be  realized  on  a 
single  VLSI  chip  by  use  of  negatively- 
doped-channel  metal  oxide/semiconduc- 
tor (NMOS)  technology. 

The  circuit  (see  Figure  1)  is  divided  into 
five  major  parts:  the  product,  remainder- 
and-interleaver,  quotient,  input/output,  and 
control  units.  All  except  the  remainder-and- 
interleaver  unit  are  similar  to  those  of  a 
prior  (255,  223)  RS  encoder  based  on  the 
Berlekamp  algorithm.  The  remainder-and- 
interleaver  unit  is  used  to  store  the  coeffi- 
cients of  the  remainder  during  the  division 
process  and  performs  the  interleaving  op- 
eration. 

The  units  denoted  S,  (0<  i<  30  and 
1  <  j  <  5)  in  Figure  2  are  8:bit  shift  registers 
that  use  modulo-2  addition  (exclusive-OR 
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Figure  1.  The  (255,  223)  RS  Encoder  includes  a  new  remainder-and-interleaver  unit  that  pro- 
vides programmable  interleaving  of  code  words. 


operation).  The  outputs  of  the  registers  are 
sent  to  the  inputs  of  modulo-2  adders  by 
buslines  L,  through  transistors  controlled 
by  the  "turn"  and  "no-turn"  signals,  which 
set  the  depth  of  interleaving. 

The  circuit  chip,  which  comprises  about 
10,000  transistors,  was  fabricated  in  4-jim 
NMOS.  The  chip  was  tested  successfully. 
The  maximum  clock  frequency  is  about  1.5 
MHz.  The  operating  speed  is  limited  mainly 
by  the  long  clock  lines  associated  with  the 
two-phase  clocks  used  in  the  dynamic  shift 
registers,  and  there  are  more  than  1,250 
dynamic  registers.  The  area  of  the  chip  is 
estimated  to  be  4,800  by  3,220  Mm. 

This  work  was  done  by  In-Shek  Hsu, 
L.J.  Deutsch,  and  Trieu-Kie  Truong  of 
Caltech  and  I.S.  Reed  of  the  University 
of  Southern  California  for  NASA's  Jet 
Propulsion  Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NPO-17280/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Figure  2.  The  Remainder-and-interleaver  Unit  contains  shift  registers  and  modulo-2  adders. 
Signals  on  the  "turn"  and  "no-turn"  lines  control  the  depth  of  interleaving. 
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Software  for  Clear-Air  Doppler-Radar  Display 

Features  include  portability  and  maintainability. 


A  system  of  software  has  been  devel- 
oped to  present  plan-position-indicator 
scans  of  a  clear-air  Doppler  radar  station 
on  a  color  graphical  cathode-ray-tube  dis- 
play. Interactive  inputs  enable  the  user  to 
select  the  following: 

•  A  field  of  either  radar  reflectivity  or  radial 
wind  velocity; 

•  A  particular  scan  from  the  directory  of  the 
data  base  by  specification  of  the  desired 
rate,  time,  and  elevation  angle; 

•A  maximum  radar  range  from  a  set  of 
ranges  that  cover  the  interval  from  10  to 
60  km;  and 

•  A  contour  interval  from  a  set  of  contour  in- 


tervals that  cover  the  interval  from  2  to  15 

units. 

The  software  system  was  designed  to 
incorporate  the  latest  accepted  standards 
for  equipment,  computer  programs,  and 
meteorological  data  bases.  This  includes 
the  use  of  the  Ada  programming  language, 
of  a  "Graphical-Kernel-System-like"  graph- 
ics interface,  and  of  the  Common  Doppler 
Radar  Exchange  Format  (universal  for- 
mat). The  software  has  a  high  degree  of 
portability  to  other  computing  environ- 
ments. The  use  of  Ada  makes  the  software 
more  maintainable.  In  addition,  the  use  of 
Ada  software  packages  has  produced  a 


number  of  software  modules  that  can  be 
easily  reused  on  other  related  projects. 

This  work  was  done  by  Bruce  W.  Johnston 
of  the  University  of  Wisconsin-Stout  for 
Kennedy  Space  Center.  No  further  docu- 
mentation is  available. 
KSC-11427/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  ot  Standards)  f 

U.S.  Department  ot  Commerce,  Gaithersburg,  MP  20899 


New  Test  Chamber  Developed 


Electromagnetic  interference  (EMI)  has  caused  a  range  of  problems  in  military  electronic 
systems  -  from  the  inability  of  pilots  to  communicate  with  air-traffic  controllers  to  catastrophic 
crashes.   Researchers  at  NIST  are  developing  a  new  type  of  electromagnetic  test  chamber  to  evaluate 
the  ability  of  operational  systems  to  withstand  the  effects  of  radiated  EMI.   The  new  chamber 
combines  features  of  a  transverse  electromagnetic  cell  and  a  broad-band  reverberating  chamber  to 
provide  an  electromagnetic  compatibility  test  capability  for  the  frequency  range  10  kHz  to  40  GHz, 
a  frequency  range  not  offered  previously  by  any  single  facility.    A  small  prototype  chamber,  which 
measures  1.3  by  2.4  by  3.9  meters,  has  been  constructed  by  NIST  and  delivered  to  the  U.S.  Army, 
which  is  interested  in  constructing  a  facility  10  times  larger  and  capable  of  testing  full-size 
helicopters  and  other  aircraft.    Initial  tests  with  the  chamber  have  shown  the  potential  for 
significant  cost  and  time  savings. 

FOR  ADDITIONAL  INFORMATION:   A  paper,  no  52-89,  describing  the  chamber  is  available  from  Jo 
Emery,   NIST,   Div.   104,   Boulder,   Colo.  80803;  (303)497-3237. 
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Laser  Doppler  and  Range 
Systems  for  Spacecraft 

Active  transponders  would  be 
used  to  measure  delays  and 
shifts  in  frequencies. 

A  report  discusses  two  types  of  pro- 
posed laser  systems  containing  active 
transponders  that  would  measure  the  dis- 
tance (range)  and  line-of-sight  velocity  (via 
the  Doppler  effect)  between  a  deep  space 
vehicle  and  an  earth-orbiting  satellite.  A 
laser  system  offers  a  diffraction  advantage 
over  a  microwave  system.  It  can  deliver 
comparable  power  to  a  distant  receiver 
while  using  smaller  transmitting  and  re- 
ceiving antennas  and  a  less-powerful 
transmitter.  Furthermore,  laser  beams  are 
less  subject  to  phase  scintillations  caused 
by  passage  through  such  inhomogeneous 
media  as  the  solar  corona. 

One  type  of  system  is  called  "incoher- 
ent" because  the  range  and  Doppler 
measurements  would  not  require  coher- 
ence with  the  laser  carrier  signals.  In  a  sys- 
tem of  this  type,  a  radio-frequency  subcar- 
rier,  the  two-way  Doppler  shift  of  which  is  to 
be  measured,  and  a  range  code,  the  two- 
way  time  delay  of  which  is  to  be  measured, 
would  be  combined  at  the  near  (master) 
transmitter  to  modulate  the  intensity  of  a 
laser  carrier,  thereby  generating  the 
forward-link  optical  signal.  Each  optical 
receiver  would  consist  of  only  a  telescope 


and  a  photodetector.  The  sensitive  phase- 
locked  tracking  functions  would  be  per- 
formed after  photodetection  at  radio  fre- 
quencies, where  the  technology  is  mature. 

At  the  distant  receiver,  a  phase-locked- 
loop  subsystem  would  serve  as  a  narrow- 
band frequency-tracking  filter  for  the  de- 
tected radio-frequency  subcarrier,  while  a 
code-tracking  subsystem  would  track  the 
range  code.  The  outputs  of  these  subsys- 
tems would  be  combined  to  modulate  the 
intensity  of  transponder  laser  for  the  return 
link.  Back  at  the  master  terminal,  the  photo- 
detected  return  subcarrier  and  range  code 
would  again  be  tracked  and  used  for  two- 
way  range  and  Doppler  measurements. 

The  other  type  of  system  is  called  "co- 
herent" because  successful  operation 
would  require  coherent  tracking  of  the 
laser  signals.  This  type  of  system  would  re- 
quire larger  and  more-complicated  receiv- 
ers. Like  an  incoherent  system,  a  coherent 
system  would  use  a  ranging  code  on  a 
radio-frequency  subcarrier.  However,  it 
would  use  phase  modulation  instead  of  in- 
tensity modulation.  The  system  would  em- 
ploy homodyne  optical  receivers  in  which 
the  range  would  be  extracted  from  the 


modulation  and  the  Doppler  measurement 
would  be  extracted  from  the  carrier.  The 
advantage  of  this  concept  is  that  the  Dop- 
pler shift  in  the  frequency  of  the  carrier  is 
much  greater  than  that  of  the  subcarrier, 
enabling  more  precise  measurement  of 
velocity. 

The  distant  terminal  would  use  an  opti- 
cal Costas  loop  to  track  the  forward-link 
laser  carrier  and  to  reconstruct  the  for- 
ward-link range  code  on  the  subcarrier. 
The  tuned  laser  output  from  the  optical 
Costas  loop  would  serve  as  the  laser  car- 
rier for  the  return  link,  which  would  be  mod- 
ulated by  the  range  code.  At  the  master  ter- 
minal, an  optical  Costas  loop  would  track 
the  return-link  laser  carrier,  using  a  hetero- 
dyne principle  to  compare  the  frequencies 
of  the  forward  and  return  links. 

This  work  was  done  by  P.  W.  Kinman 
of  Caltech  and  R.M.  Gagliardi  of  the 
University  of  Southern  California  for 
NASA's  Jet  Propulsion  Laboratory. 
"Doppler  and  Range  Determination  for 
Deep  Space  Vehicles  Using  Active 
Optical  Transponders. " 
NPO-17486/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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changes  plans  if  goals  change. 


Technology  Application 


Solar  Energy  Research  Institute 


Clean-Burning  Diesel  Fuel  From  Natural  Gas 


America  can  now  make  better  use 
of  its  domestic  natural  gas  resources 
thanks  to  a  process  originated  at  SERI 
and  commercialized  by  Rentech,  Inc., 
a  Denver-based  technology  develop- 
ment firm. 

Rentech  has  been  exploring  the 
commercial  feasibility  of  a  unique 
process  that  converts  low-quality 
natural  gas  into  clean-burning  diesel 
fuel.  And  it  appears  the  company  has 
struck  pay  dirt. 

Rentech  recently  completed  pilot 
plant  tests  for  Fuel  Resources  Develop- 
ment Co.,  a  wholly  owned  subsidiary 
of  the  Public  Service  Company  of 
Colorado  (PSCo),  which  may  use  the 
process  to  tap  its  underutilized  gas 
resources.  Tests  were  conducted  at 
PSCo's  Zuni  power  plant  using  a  bub- 
ble-column reactor  and  product  con- 
denser. In  the  reactor,  natural  gas  was 
converted  to  hydrocarbons  and 
oxygen  derivatives  with  the  aid  of  a 
special  catalyst.  Gas  leaving  the  reac- 
tor was  condensed  into  diesel  fuel, 
naptha,  and  high  quality  wax. 


The  Rentech  fuel  is  now  being 
tested  by  Detroit  Diesel  for  use  in 
mass  transit  buses.  Initial  tests  show 
that  combustion  of  gas-derived  diesel 
fuel  produces  only  half  the  particulates 
and  carbon  monoxide  of  regular  diesel 
fuel.  This  clean-burning  quality  at- 
tracted Denver's  Regional  Transporta- 
tion District,  which  may  soon  use 
gas-derived  fuel  to  power  its  buses 
while  reducing  harmful  emissions. 

Among  others  interested  in  acquir- 
ing this  SERI/Rentech  technology  is 
an  Australian  company  seeking  alter- 
natives to  imported  oil.  Indonesia 
and  India  have  also  initiated  talks 
with  Rentech. 

For  Additional  Information: 

Mark  Bohn 

Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-1755 
(303)  231-1022 
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Technology  Application 


Solar  Energy  Research  Institute 


Harnessing  Microalgae 


SERI  and  industry  are  discovering 
that  some  tiny  plants  called  microal- 
gae can  be  harnessed  for  some  big 
tasks.  Not  only  can  they  produce  oil 
for  conversion  to  clean-burning  fuels, 
but  they  can  also  fatten  shellfish, 
provide  pharmaceuticals,  and  remove 
toxic  metals  from  contaminated 
water — all  while  absorbing  prodigious 
amounts  of  carbon  dioxide,  the 
primary  greenhouse  gas. 

In  their  search  for  rapidly  growing 
organisms  that  produce  high  yields 
of  oil  for  conversion  to  fuel,  SERI 
researchers  have  assembled  a  collec- 
tion of  more  than  600  microalgae 
strains.  The  SERI  collection  is  the 
only  one  in  the  world  with  extensive 
cultures  from  nonmarine  salt  waters. 

SERI  ships  about  45  of  these  cul- 
tures a  year  to  companies  and  univer- 
sities around  the  world.  Many  go  to 
shellfish  companies  seeking  better 
food  sources  for  shrimp,  oysters,  and 
other  commercially  valuable  marine 
organisms. 

Other  requests  are  from  phar- 
maceutical companies  that  wish  to 
develop  natural  sources  of  vitamins  C 
and  E  as  well  as  beta  carotene,  a  sub- 
stance that  may  help  prevent  cancer. 
Microalgae  derivatives  can  also  be 
used  as  protein  supplements,  food 
coloring,  and  vegetable  oil. 


Several  universities  are  using  SERI 
cultures  to  study  population  genetics 
and  algal  classification. 

But  that's  not  all.  SERI  and  the 
Manville  Corporation  have  discovered 
that  some  microalgae  can  absorb 
heavy  metals  from  contaminated 
water,  a  fact  that  may  be  useful  in 
the  mining  and  semiconductor 
industries.  Copper,  cobalt,  aluminum, 
zinc,  and  nickel  were  removed  from 
contaminated  water  using  Manville's 
fibrous  mats  and  SERI's  algae. 

Microalgae  perform  these  useful 
tasks  while  absorbing  carbon  dioxide 
from  various  sources.  Outdoor  ponds 
could  be  used  to  trap  large  amounts 
of  atmospheric  carbon  dioxide.  Or 
processed  flue  gas  rich  in  carbon 
dioxide  could  be  routed  into  the 
ponds,  providing  a  required  nutrient 
for  algae  growth  and  oil  production 
while  drastically  reducing  power  plant 
emissions. 

For  Additional  Information: 

Lew  Brown 

Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
(303)  231-1321 
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Technology  Application 


Lawrence  Berkeley  Laboratory 

New  Electrode  Redefines  the  Battery 

Scientists  have  invented  a  radically  new  positive  electrode  that  begins  a  new  chapter  in  the 
evolution  of  the  battery. 

The  new  generation  of  rechargeable  batteries  energized  by  this  novel  class  of  electrode  materials 
should  provide  better  performance  in  terms  of  power,  lifetime,  and  shelf  life  than  any  commercial 
battery,  or  any  battery  known  to  be  under  development. 

Beyond  energy  and  endurance  advantages,  the  new  batteries  also  have  significant  cost  benefits.  They 
promise  to  be  cheaper  than  current,  state-of-the-art  cells  in  that  they  use  less  expensive 
materials.    Also,  existing  industrial  processes  can  be  used  in  their  manufacture,  easing  the  passage 
from  the  laboratory  to  the  consumer. 

The  batteries  can  be  made  for  all  types  of  uses,  from  the  sustained  low  power  demands  of  a  watch,  to 
the  high  power  demands  of  electric  vehicles. 

Coin  cells,  flat  batteries  that  are  designed  to  run  watches,  calculators,  and  cameras,  could  be 
commercially  available  in  two  years.    Cylindrical  cells  to  run  power  tools,  flashlights  and  autofocus 
cameras  likely  would  be  brought  to  market  in  three  to  four  years.    All  these  cells  operate  at  room 
temperature. 

Other  versions  of  the  cells  operate  at  80-100  degrees  C  and  could  provide  substantially  more 
energy  and  power  than  the  room-temperature  versions.    They  could,  for  instance,  power  electric 
vehicles  should  a  market  materialize  for  electric  vehicles. 

For  adequate  acceleration  of  an  electric  vehicle,  a  power-to-weight  ratio  of  100  watts  per  kilogram 
is  considered  the  target  for  a  practical  battery.   The  new  battery  provides  that,  and  then  some.   To 
propel  a  vehicle  a  sufficient  distance,  the  target  is  200  watt-hours  per  kilogram,  a  range  which  the 
new  battery  provides. 

The  unexcelled  performance  of  the  new  cells  is  attributable  to  a  combination  of  cutting  edge  features 
such  as  solid  state  thin  films  and  a  lithium  anode,  and  a  unique  cathode  which  represents  an 
electrochemical  breakthrough. 

A  class  of  organo-sulfur  compounds  is  the  key  ingredient  in  the  cathode.   These  particular  organo- 
sulfur  compounds  are  disulfide  polymers,  very  large  molecules  that  consist  of  identical  building 
blocks  which  are  connected  together  in  long  chains  through  sulfur-sulfur  bonds. 

Electrochemical  energy  is  produced  when  electrons  released  from  lithium  oxidation  cleave  these 
sulfur-sulfur  bonds  in  the  polymer,  depolymerizing  the  cathode.    To  recharge  the  battery,  the 
process  is  reversed  and  the  molecules  are  rejoined.    This  unique  depolymerization-polymerization 
reaction  has  never  before  been  used  in  a  battery. 

FOR  ADDITIONAL  INFORMATION:    Public  Information  Department,  Lawrence  Berkeley  Laboratory, 
Berkeley,   CA   94720;   Telephone   (415)486-5771. 
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Technology  Application 


Solar  Energy  Research  Institute 


Shedding  New  Light  On  Methane  Production 


SERI  researchers  have  invented  a 
unique  way  of  enhancing  anaerobic 
digestion,  a  process  that  uses  bacteria 
to  convert  sewage  and  other  organic 
wastes  to  useful  methane  gas. 

Conventional  anaerobic  processes 
suffer  from  accumulations  of  organic 
acids,  which  break  down  slowly  and 
may  "sour"  the  digestor  mixture. 
SERI  researchers  may  have  solved 
this  problem  by  adding  light  and 
photosynthetic  bacteria.  These  micro- 
organisms rapidly  convert  organic 
acids  to  hydrogen,  which  is  then 
readily  converted  to  methane  by 
methanogenic  bacteria. 

Four  strains  of  photosynthetic  bac- 
teria with  special  conversion  ability 


SERI  has  the  world's  largest  collection 
of  photosynthetic  bacteria,  which  en- 
hance methane  production  from  the 
anaerobic  digestion  of  sewage  and  other 
organic  waste. 


have  been  identified.  Each  strain  ab- 
sorbs a  different  portion  of  the  solar 
spectrum,  so  that  a  combination  of 
the  four  can  use  about  85%  of  the 
sun's  energy  in  the  conversion  pro- 
cess. Laboratory  tests  indicate  that 
use  of  these  bacteria  may  lead 
to  a  minimum  tenfold  increase  in 
methane  production  from  organic 
acids.  Tests  have  now  moved  into 
the  field,  where  natural  sunlight 
stimulates  bacterial  action  through  a 
transparent  lid  on  a  special  bathtub- 
shaped  digestor. 

SERI  has  applied  for  a  patent  on 
its  unique  process,  which  has  already 
attracted  industry  attention.  For  ex- 
ample, Hawaii's  Unisyn  Company 
is  now  evaluating  the  commercial 
feasibility  of  adding  sunlight  and 
photosynthetic  bacteria  to  conven- 
tional anaerobic  digestors. 

For  Additional  Information: 

Paul  Weaver 

Solar  Energy  Research  Institute 
1617  Cole  Boulevard 
Golden,  CO  80401-3393 
(303)  231-1928 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Scheduling  Noncon- 
sumable  Resources 

A  computer  makes  plans, 
and  changes  plans 
if  goals  change. 

A  user's  manual  describes  the  comput- 
er program  SWITCH  that  schedules  the 
use  of  resources  —  for  example,  electric 
power  —  by  appliances  that  are  switched 
on  and  off  and  use  the  resources  while 
they  are  on.  SWITCH  plans  schedules  ac- 
cording to  predetermined  goals;  it  revises 
the  schedules  when  new  goals  are  im- 
posed. 

SWITCH  starts  by  reading  its  input, 
which  consists  of  the  following: 

•  Descriptions  of  the  initial  state  of  the  sys- 
tem under  consideration  and  of  expected 
changes  in  its  state  that  are  beyond  the 
planner's  control, 

•  Descriptions  of  the  capabilities  of  the 
agents  that  will  carry  out  the  plan  (that  is,  of 
changes  that  are  under  the  planner's  con- 
trol), and 

•  Descriptions  of  the  goals. 

The  statements  that  describe  the  goals 
are  put  into  "LiteralTrays."  A  LiteralTray  is 


a  structure  for  storing  a  predicate  —  a 
statement  about  the  state  of  the  system 
under  consideration.  The  LiteralTrays  in 
turn  are  put  into  the  "assertions"  field  of 
blank  nodes,  other  data  structures.  A  blank 
node  does  not  correspond  to  a  way  to 
achieve  a  statement.  The  task  of  the  plan- 
ning program  is  to  change  all  blank  nodes 
into  nodes  of  other  types  that  do  tell  how 
their  assertions  will  be  achieved. 

The  program  works  by  depth-first 
searching  with  strict  chronological  back- 
tracking. At  each  stage  of  the  construction 
of  a  plan,  the  program  has  a  tentative  par- 
tial plan.  It  computes  alternative  changes 
to  the  tentative  partial  plan,  stores  all  but 
the  first  for  possible  future  use,  and  tries  to 
make  the  first  alternative  change,  storing 
commands  to  undo  it  if  it  does  not  work. 
The  program  proceeds  to  evaluate  the  al- 
ternatives as  necessary,  sometimes  inter- 
acting with  the  user. 


A  complete  plan  consists  of  a  graph  of 
nodes.  Each  nontrivial  node  describes  an 
action  that  the  agents  must  execute  or  an 
event  that  will  happen,  states  when  the  ac- 
tion or  event  must  or  will  begin,  and  con- 
tains a  list  of  statements  about  the  state  of 
the  system  under  consideration  to  be  ex- 
pected after  the  action  or  event. 

The  user's  manual  outlines  the  opera- 
tion of  the  program;  discusses  its  know- 
ledge-base language;  describes  the  con- 
struction of  productions  and  scheduled 
events  in  the  knowledge  base;  provides 
guidance  in  installing,  setting  up,  and  run- 
ning the  system;  discusses  replanning; 
and,  finally,  provides  in  an  appendix  an  ex- 
ample of  a  session  with  the  planner. 

This  work  was  done  by  Harry  J.  Porta 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "SWITCH  Users'  Manual." 
NPO-16988/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Engineering 


0405  Minimum  Clearance  Chipless  Tube  Cutter 

0406  On-Board  Inert  Gas  Generation  System 

0407  Sprayable  Integral  Fuel  Tank  Sealing 

0408  Improved  Monitoring  Systems  for  Rock  Noise  Detection 

0409  Looking  At  Ways  To  Assess  Structural  Performance 

041 0  Ceramic  Wick  for  Capillary-Pumped  Heat  Pipe — The  fibrous  ceramic 
wick  allows  the  choice  of  working  fluid  and  high-temperature  fabrication 
and/or  operation.  (Licensing  Opportunity) 

041 1  Decentralized  Adaptive  Control  for  Robots — Precise  knowledge  of  the 
dynamics  would  not  be  required.  (Licensing  Opportunity) 

041 2  Computational  Architecture  for  Control  of  Remote  Manipulator — 
Synchronization  is  done  by  hardware  to  reduce  the  software  overhead. 
(Licensing  Opportunity) 

041 3  Force-Feedback  Cursor  Control — A  robot  controller  would  move  a 
cursor  and  manipulate  images. 

041 4  Hinged,  Magnetic  Holder  for  Radiographic  Film — A  specialized  tool 
reaches  a  hidden  position. 

0415  Mounts  for  Selective  Rotation  and  Translation — Blade-in-groove 
bearings  are  stacked  to  obtain  the  necessary  degrees  of  freedom. 

0416  Remote-Manipulator  Hand  With  Data-Processing  Ability — An  end 
effector  contains  electronics  for  processing  sensory  and  control  data 
locally.  (Licensing  Opportunity) 

Software 

0417  Tracing  Rays  in  Laser-Fringe  Anemometers — Effects  of  refraction  are 
calculated  by  a  simple  program. 

Testing  &  Instrumentation 

0418  Robotic  Target-Tracking  Subsystem — The  position  and  orientation  of  the 
target  are  measured  in  six  degrees  of  freedom.  (Licensing  Opportunity) 

0419  Helical  Wound,  Bourdon  Tube  Pressure  Gauge 

0420  Shape  Gauge  Measures  Surfaces — Tedious  measurements  and 
calculations  are  performed  quickly  and  accurately. 
(Licensing  Opportunity) 

Other  Items  of  Interest 

0403     Shedding  New  Light  On  Methane  Production 

0435     Memory  Metal  Couplings 
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Technology  Fact  Sheet 

U.S.  Air  Force 


Minimum  Clearance  Chipless  Tube  Cutter 


SYNOPSIS r 

A  need  for  a  low  profile  tube  cutter  for  use  in  cramped  quarters  is  brought  about 
by  the  development  of  new  fitting  swaging  techniques,  (see  TechTIP  TT88002,  Memory 
Metal  Couplings,  and  TechTIP  TT  89025,  Active  Swage  Fitting  For  Aerospace  Tubing.) 
The  Minimum  Clearance  Chipless  Tube  Cutters  are  a  series  of  tube  cutting  tools 
designed  to  perform  a  chipless  sever  cut  within  the  confined  spaces  of  000 
equipment  that  uses  aerospace  tubing.  The  cutters  are  designed  for  a  specific  size 
of  tubing  to  minimize  the  radial  clearance  (tube  to  tube  or  structure  spacing) 
required  around  the  tubes  and  have  an  open  end  for  simple  engagement  of  the  tube 
(see  photo  at  right).  This  model  incorporates  as  standard  equipment  an  auto-feed 
cutting  system,  with  pneumatic  drive  motor,  which  can  operate  with  the  power  drive 
engaged  directly  to  the  tool  or  through  a  flexible  shaft  (see  photo  on  back.) 
Because  a  flexible  drive  cable  can  be  attached  to  the  small  cutter  head,  the  larger 
clearance  needed  for  other  type  cutters  is  not  required.  Each  cutter  of  the  series 
is  designated  as  a  Model  550-XX  where  the  last  (continued  on  reverse  side) 

APPLICATIONS : 

Fielded:    A-10  and  Bl-B  aircraft  (Depot  and  Field  Level). 

AIR     FORCE     R&M     2QOO     GOAL     HIGHLIGHTS: 

Increased  combat  capability:    Facilitates  faster  field  repair,  minimize  disassembly 

of  aircraft. 
Decrease      mobility    requirements:      Fewer      items    in    support      kit    compared    to 

manufacturing  tube  lines  for  War  Readiness  Supply  Kit  (WRSK). 
Decrease    manpower:    Less  man-hours  expended,      complicated  flushing  procedures  not 

required. 


§ 


TUBE  CUTTER 


BENE FITS/ DRAWBACKS! 

The  primary  benefit  of  these  tools  is  their  capability  to  take  advantage  of  the  minumium  clearance  fitting  systems  (see 
above  mentioned  TechTIPs)  and  their  small  swaging  designs.  This  provides  the  ability  to  perform  chipless, 
non-contaminating  cuts  in  places  where  other  cutters  can  not  operate  or  alternate  cutting  procedures  have  the  potential 
of  contaminating  fluid  systems.  During  operations  inside  open  ventilated  fuel  tanks  or  during  shortages  of  powered  air 
sources,  a  speed-handle  or  ratchet  can  operate  the  cutter,  with  current  methods,  it  is  sometimes  necessary  for  the 
entire  wing  assembly  of  an  A-10  aircraft  to  be  dropped  to  facilitate  repair  of  a  leaking  hydraulic  line,  requiring 
several  hundred  man-hours  to  complete.  With  this  chipless  tube  cutter  system  used  in  conjunction  with  Ringlok  or  Memory 
Metal  replacement  couplings,  the  task  can  be  completed  in  two  hours  without  wing  removal.  Therefore,  cost  benefits  come 
from  labor  and  material  savings  while  accomplishing  a  repair  without  extensive  disassembly  (continued  on  reverse  side) 

DOCUMENTATION : 

NSN  5130-01-269-8837,  P/N  05-11)8,     NSN  5110  01-261  0703,  P/H  05-1119 
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SYNOPSIS  (cont'd): 

two  digits  of  the  model  number  represent  the  tube  size  for  which  the  cutter  was  designed.  They  are  available  in 
■ultiples  of  1/16  inches  (i.e.,  a  dash  06  is  a  number  6  or  3/8  inch  tube  cutter).  The  Model  550  Chipless  Tube  Cutter 
Heads  nay  be  purchased  separately  or  packaged  in  a  kit.  Each  kit  contains  associated  cutters,  pneumatic  drive  with 
bayonet-type  quick  disconnect,  18  inch  flexible  drive,  necessary  maintenance  tools  and  spare  cutting  wheels.  Currently, 
two  kits  are  available.  Part  Number  05-1138  has  sizes  3/16",  1/4",  5/16",  3/8",  1/2",  5/8',  3/4"  and  1".  Part  Number 
05-1139  has  all  above  mentioned  cutter  heads  plus  1-1/8", 1-1/4",  1-1/2",  1-3/4"  and  2". 

The  tools  have  a  gear  driven  slotted  rotor  which  carries  a  chipless  cutting  wheel,  an  auto-feed  mechanism,  and  the 
guide  bearings.  To  operate  the  cutter,  rotate  the  rotor  into  the  fully  retracted  position.  Place  the  cutter  over  the 
tubing  and  start  the  power  drive  (see  photo  at  bottom).  Engagement  of  the  auto-feed  mechanism  starts  feeding  the 
cutter  wheel  into  the  tube  until  the  cut  is  completed.  Upon  completion  of  the  cut,  continued  rotation  will  bring  the 
cutter  wheel  back  to  the  fully  retracted  position  automatically. 

BENEFITS/DRAWBACKS  (cont'd): 

of  aircraft  or  additional  cuts  to  gain  access.  Because  this  cutting  system  does  not  generate  any  chips  there  is  no 
need  for  complicated  flushing  procedures.  This  results  in  faster  return  of  equipment  to  operational  ready  status.  The 
simple  design  and  auto-feed  cutting  features  allow  the  tool  to  be  used  by  all  maintenance  skill  levels  with  little 
additional  training. 

A  potential  drawback  is  cutting  wheel  life  when  used  on 
thick  wall  titanium  tubing.  Testing  to  date  shows  that 
for  wall  thickness  over  .110"  (8,000  PSI  titanium),  the 
wheel  life  is  4  to  6  cuts  before  the  wheel  wears  out  and 
must  be  replaced.  Another  concern  is  the  regulation  of 
air  pressure  to  maintain  correct  torque  for  maximum 
cutting  performance.  This  is  the  reason  pneumatic 
drive  motors  (which  are  pre-set)  are  furnished  with  each 
operating  kit. 

Another  drawback  is  the  cutters  are  not  yet  stocked  by 
the  Air  Force  or  DOD  and  must  be  ordered  from  the 
manufacturer,  who  does  not  stock  complete  kits.  Tri 
Tool  Inc.  (which  produces  the  550-XX  cutter),  made  an 
initial  production  run  of  all  sizes  of  cutters. 
However,  current  plans  for  this  product  are  on  a  build 
to  order  basis.  Tri  Tool  will  only  stock  critical 
spares  until  field  level  demand  is  at  a  sufficient  level 
to  require  carrying  a  production  inventory. 

TECHNOLOGY  CONTACT: 

Office:     SM-ALC/MMSRD,  McClellan  AFB  CA  95652-5320 

(Mr  Lee  Johnson,  System  Engineering) 
AUTOVON:     633-2822 

Com*:     (916)  643-2822 

USER  CONTACT: 


( 


Office:  SM-ALC/MABPHB,  McClellan  AFB  CA  95652-5320 

(Mr  Steve  Grady,  Metal  Tube  Manufacture  Supv) 
AUTOVON:  633-3609 
Comm:  (916)  643-3609 
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This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Air  Force  Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).  Determining  the  feasibility 
of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology.  For  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.  Comments  or  questions  about  the 
Technology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to  AFCOLR/TT 
Wright-Patterson  AFB,  OH  45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


Technology  Fact  Sheet 

U.S.  Air  Force 


On-Board  Inert  Gas  Generation  System 


SYNOPSIS: 

Fuel  tank  fire  and  explosions  can  cause  catostrophic  loss  of 
aircraft  and  aircrew.  One  technique  for  preventing  fuel  tank 
explosions  is  to  inert  the  air  in  the  tank  with  nitrogen  or  halon. 
Nitrogen  works  by  reducing  the  oxygen  concentration  level  in  the 
fuel  tank  vapor  space  (ullage)  to  a  level  that  will  not  support 
combustion.  An  alternative  to  carrying  bottled  nitrogen  or  halon 
is  a  system  to  generate  inert  gas  from  engine  bleed  air.  The 
On-Board  Inert  Gas  Generating  System  (OBIGGS)  seperates  nitrogen 
gas  from  engine  bleed  air  by  selectively  removing  the  oxygen 
content.  The  part  of  the  OBIGGS  which  does  the  gas  separaton  is 
termed  the  Air  Separation  Module  (ASM)  and  is  the  heart  of  OBIGGS. 
The  first  and  second  generation  ASMs  can  be  seen  in  the  photo  to 
the  right.  Two  different  ASM  technologies  (continued  on  reverse  __ 
side) 

Two  Generations  of  OBIGGS 
APPLICATIONS  Air  Separation  Modules 

Fielded:  AAH-64  Apache  Helicopter  (Molecular  Sieve  Technology) 
Future:  ATF,  ATA,  AH-1,  LHX,  CH-53,  P-3,  F-18,  A-6 

AIR  FORCE  R&M  2QOO  GOAL,  HIGHLIGHTS; 

Increased  Combat  Capability:  Reduced  combat  sortie  turn  time 

Decreased  Mobility  Requirements:  Reduced  need  for  liquid  nitrogen  ground  support  equipment 

BENEFITS/DRAWBACKS  z 

The  main  benefit  of  OBIGGS  is  the  self  contained  inerting  of  fuel  tanks  which  provide  explosion  protection 
against  combat  threats,  up  through  23mm  HEI  (high  explosive  incendiary)  threats  as  well  as  other  ignition 
sources.  With  an  on  board  system  generating  the  required  nitrogen  enriched  air  (NEA)  for  inerting  fuel  tank 
ullage,  there  is  no  requirement  for  liquid  nitrogen  and  its  associated  ground  support  equipment.  This  lack  of 
dependence  upon  ground  support  equipment  (continued  on  reverse  side) 

DOCUMENTATION ; 

AFWAL-TR-88-2024, "Fighter  Aircraft  OBIGGS  Study",  Jun  87,  Vol  I  &  II;  AFWAL-TR-88-2031,  "Advanced  Air 
Separation  Module  Performance  Evaluation",  Jul  88;  AFWAL-TR-XX-XXXX,  "P3,  A6  and  F18  OBIGGS  Study",  Sep  88; 
SAE  Technical  Paper  871903,  "OBIGGS  for  Fighter  Aircraft",  Presented  at  the  Aerospace  Technology  Conference 
and  Exposition,  5-8  Oct  87 
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SYNOPSIS r  (continued) 

are  available:  Molecular  Sieve  and  Permeable  Membrane.  Recent  Permeable  Membrane  technology  advancements 
make  it  more  desirable  than  molecular  sieve  for  future  applications.  These  modules  use  hollow  fiber 
permeable  membranes  with  NO  moving  parts.  During  the  flight,  the  OBIGGS  physically  reduces  the  high  pressure 
engine  bleed  air  oxygen  concentration  to  less  than  9%  by  volume  (typically  achieving  5%).  The  inert  product 
gas,  termed  nitrogen  enriched  air  (NEA),  is  supplied  to  the  fuel  tanks,  whereas  the  waste  gas  (oxygen  rich) 
is  normally  expelled  overboard. 

BENEFITS/DRAWBACKS; (continued) 

translates  directly  into  increased  combat  capability.  Sortie  turn  time  is  reduced  by  reducing  the  need  to 
service  the  liquid  nitrogen  system.  Further,  by  reducing  the  ground  equipment,  mobility  requirements  are 
decreased.  OBIGGS  NEA  can  be  used  to  generate  gas  for  tires,  struts  etc.  The  permeable  membrane  approach 
offers  a  weight  savings  over  the  molecular  sieve  approach  from  2:1  up  to  5:1  depending  upon  the  application. 
The  engine  bleed  air  being  fed  to  the  OBIGGS  should  be  filtered  to  protect  the  ASM  from  contamination.  If 
not,  the  operational  life  of  the  ASM  could  be  greatly  reduced. 

The  AAH-64  Apache  helicopter  has  been  using  the  OBIGGS  molecular  sieves  operationally  since  Jan  1984.  The 
AAH-64  uses  a  demand  system  while  the  C-17  plans  on  using  a  storage  system.  A  demand  system  furnishes  all  the 
inerting  gas  as  it  is  required.  The  storage  system  stores  excess  gas  until  there  is  a  need  for  a  large  volume 
of  gas.  The  size  of  a  demand  type  OBIGGS  is  based  on  the  maximum  required  NEA  gas  flow  rate.  The  stored 
gas  type  OBIGGS,  on  the  other  hand,  uses  a  high  pressure  compressor  and  storage  bottle  to  accumulate  a 
sufficient  quantity  of  NEA  to  satisfy  short  term,  high  flow  rate  requirements.  This  method  generates  NEA  at  a 
steady  rate  which  is  much  lower  than  the  maximum  rate  of  a  demand  OBIGGS.  The  size  of  a  stored  gas  OBIGGS  is 
based  on  the  average  inert  gas  production  rate  and  the  maximum  amount  of  stored  NEA  required.  In  general,  the 
stored  gas  OBIGGS  will  tradeoff  more  favorably  for  a  bomber  or  cargo  type  aircraft  whereas  the  demand  OBIGGS 
is  the  desired  approach  for  fighter/attack  aircraft. 

A  life  cycle  cost  (LCC)  comparison  for  various  inerting  systems  was  conducted  for  an  ATF  type  aircraft 
(AFWAL-TR-88-2024).  The  study  assumed  a  20  year  life  with  600  out  of  750  aircraft  being  operational  at  any 
one  time.  As  a  result,  the  stored  gas  OBIGGS  approach  had  the  lowest  LCC  followed  by  a  demand  OBIGGS  system. 
The  major  cost  factors  for  liquid  nitrogen  were  the  flight  line  servicing  support  and  the  cost  of  liquid 
nitrogen  itself.  The  fuel  penalty,  due  to  system  weight,  for  the  on-demand  OBIGGS  proved  to  be  a  major  cost 
factor,  but  the  inherent  lower  reliability  (from  the  compressor  system)  of  the  stored  gas  OBIGGS  resulted  in 
higher  operating  and  support  costs. 

Trade  studies  are  required  for  each  specific  application.  For  either  the  stored  or  demand  design  approach, 
rather  than  designing  specifically  sized  systems,  several  "standard"  ASMs  could  be  "ganged"  together  to 
produce  the  amount  of  inert  gas  required.  If  this  "ganging"  concept  were  applied  to  several  different 
aircraft,  significant  additional  cost  savings  and  logistics  benefits  could  be  realized  through  ASM 
standardization. 


TECHNOLOGY  CONTACTS; 

Office:  AFWAL/POSF,  WPAFB  OH  45433 

Mr  Robert  Clodfelter,  USAF  OBIGGS  R&D 
AUTOVON:  785-4208 
Comm:  (513)  255-4208 

Office:  SAVRT-TYASV,  Ft  Eustis  VA  23604 

Mr  George  McAllister,  Army  OBIGGS  R&D 


AUTOVON: 
Comm: 


927-5474 
(804)  878-5474 


USER  CONTACTS; 

Office:  ASD/YCEF,  WPAFB  OH  45433 

Mr.  Tom  Condron,  C-17  Program  Office  Engineering 
AUTOVON:  785-5427 
Comm:  (513)  255-5427 

AMCPM-AAH-LM,  US  Army 

4300  Goodfellow  Blvd,  St  Louis  MO  63120 

Mr  Al  Gowans,  USA  Prg  Mgr  Advanced  Attack  Helicopter 

693-1946 

(314)  263-1946 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).  Determining  the  feasibility  of  using  this 
technology  in  a  particular  application  requires  a  thorough  evaluation  of  system  requirements  and 
the  capabilities  provided  by  the  technology.  For  further  information  on  the  subject  technology, 
please  contact  the  listed  organizations.  Comments  or  questions  about  the  Technology  Transfusion 
Program  are  welcomed  and  should  be  addressed  to  "TechTIP",  AFCOLR/TT,  Wright-Patterson  AFB  OH 
45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 


Technology  Fact  Sheet 

U.S.  Air  Force 


Sprayable  Integral  Fuel  Tank  Sealing 


I 

n 

V        f  flUET      —  SPRAYABLE 

S        / 

I                          V 

MCAIB    PROPRIETARY    PBOCESS 

SYNOPSIS; 

This  technology  involves  spraying  a  thin  coat  of  sealant  directly 
onto  the  internal  surfaces  of  a  fuel  tank.  Typical  thicknesses 
range  from  0.060"  at  potential  leak  sources,  such  as  fasteners  and 
seams,  and  tapers  off  to  approximately  0.010"  in  flat  panel  areas. 
The  sprayable  method  can  be  applied  to  selected  areas  of  the  tank, 
or  to  the  entire  tank  to  provide  a  continuous  bladder  effect. 
Fielded  applications  use  the  MIL-S-83430  polysulfide  sealant. 
Urethane  material  has  completed  testing  and  is  ready  for 
application.  The  concept  was  originally  intended  for  retrofit  of 
bladder  tanks  into  integral  tanks.  Both  polysulfide  and  urethane 
are  chemically  compatible  with  existing  sealant  materials,  hence 
they  can  be  used  to  repair  existing  integral  tanks  sealed  by  other 
methods.  Other  materials,  such  as  fluorosilicone  and  fluorocarbon, 
are  under  development. 

APPLICATIONS ; 

Fielded:  F/A-18  Blue  Angels  forward  oil  tank  (smoke  generation  system) 

AV-8B  wing  tanks 
Future:  F-15  fuselage  tank 
F-4  t2  fuselage  tank 
F-lll  weapons  bay  tanks 
F/A-18  fuel  tanks 

AIR  FORCE  R&M  2QOO  GOAL  HIGHLIGHTS; 

Increase  Combat  Capability:  AV-8B  Integral  using  tank,  over  70  a/c,  no  reported  leaks. 
Decrease  Manpower  Reguirements:  Blue  Angels,  3,480  flights  hours  with  no  leaks. 

BENEFITS/DRAWBACKS ; 

The  major  benefit  of  sealing  is  the  reduction  in  leaks  over  the  existing  tank  sealing  methods  (see  chart  on 
the  reverse  side.)  In  the  current  fielded  application,  the  Navy's  Blue  Angels  used  the  technology  in  their 
forward  oil  tank  for  the  smoke  generation  system.  They  completed  the  1987  show  season  of  over  3480  flight 
hours  with  no  leaks.  This  reduction  in  leaks  alone  will  decrease  the  service  life  cycle  costs  by  reducing  the 
maintenance  man-hours  and  overall  manpower  reguirements.  The  AV-8B  previously  used  polysulfide  materials 
brushed  on  to  seal  their  integral  wing  tanks.  Now  the  same  material  is  being  (continued  on  reverse  side) 

DOCUMENTATION ; 

Contact  technology  POC. 
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BENEFITS/DRAWBACKS  (continued); 

sprayed  on.  Over  70  aircraft  have  the  sprayed  on  sealant  and  no  leaks  have  been  reported  by  the  operational 
commands.  This  technology  is  currently  applicable  to  existing  aircraft  with  an  operating  environment  between 
the  temperature  range  of  -65°  F  to  250°  F.  By  replacing  the  bladder  in  fuselage  tanks  with  the  sprayable 
sealant,  studies  have  found  that  overall  fuel  system  weight  has  decreased  and  volume  increased.  On  the  F-15 
fuselage  tanks,  weight  was  reduced  by  30%  and  the  fuel  volume  increased  by  12%.  These  can  provide  increased 
combat  radius  and/or  increased  weapons  load.  The  Flight  Dynamics  Lab  at  WPAFB  is  currently  fatigue  testing  an 
F-15  fuselage  tank  sealed  with  the  spray  sealant.  The  tank  will  undergo  four  lifetimes  of  testing  using  JP-4 
and  JP-5  fuel.  The  polyurethane  material  is  40%  lighter,  ten  times  stronger,  and  has  higher  elongation 
capability  than  the  polysulfide  material.  Polysul fides  reguire  an  existing  fillet  seal  while  the  urethanes  do 
not  (because  of  the  improved  strength  and  elongation  capability).  Both  materials  can  be  used  to  repair  or 
reseal  integral  tanks  on  existing  aircraft.  However,  caution  must  be  exercised  to  assure  that  the  existing 
materials  have  not  changed  chemically  (fuel  contamination,  etc.)  from  their  original  installed  state. 
Cleaning  procedures  are  the  same  for  all  integral  tanks  regardless  of  the  sealant  used.  Water  jet  spray  is 
widely  used.  Plastic  bead  or  carbon  dioxide  pellet  blasting  are  gaining  in  acceptance.  Presently  this 
technology  is  proprietary  to  McDonnell  Aircraft  Company  (MCAIR). 


LEAK  COMPARISON 
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TECHNOLOGY  CONTACT; 

Office:  AFWAL/FIBT  (Mr  Marty  Richardson) 

F-15  fuselage  tank 
AUT0V0N:  785-2318 
Comm:  (513)  255-2318 


USER  CONTACT; 

Blue  Angels  Maintenance  Officer  (Lt(USN)  Fred  Cleveland) 
F-18  Forward  oil  tank 
922-2466 
(904)  456-2466 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  P^gram  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFC0LR/TT).  For  further  information  on  the  subject 
technology  please  contact  the  listed  organizations.  Comments  or  questions  about  the  Technology 
Transfusion  Program  are  welcomed  and  should  be  addressed  to  "TechTIP",  AFC0LR/TT,  Wright-Patterson 
AFB,  OH  45433-5000  or  call  AUT0V0N  785-1607,  Commercial  (513)  255-1607. 


New  Technology 

U.S.  Department  of  the  Interior    Bureau  of  Mines 


Improved  Monitoring  Systems  for  Rock  Noise  Detection 


Objective 

Design  a  new  acoustic  monitoring  system  to  more 
accurately  forecast  impending  rock  bursts,  and  to  assist  in 
understanding  the  rock  burst  phenomenon. 

Background 

Rock  bursts  are  the  major  cause  of  injuries  and  deaths 
in  deep  underground  mines  in  the  Silver  District  near 
Wallace,  ID.  Bureau  investigations  of  the  rock  burst 
phenomenon  resulted  in  significant  improvements  in  com- 
puterized acoustic  technology,  and  achieved  limited  success 
in  forecasting  several  large  events.  Research  demonstrated 
that  the  location  of  rock  noise,  and  the  rate  at  which  these 
events  occur,  are  indicators  of  areas  that  could  fail  vio- 
lently. 

In  minewide  monitoring,  the  typical  array  of  acoustic 
sensors  (geophones)  is  arranged  to  cover  an  entire  mine 
with  16  to  32  separate  instruments.  The  mines  intended  to 


be  covered  may  be  7,000  feet  in  depth  and  up  to  several 
miles  in  extent.  While  such  an  arrangement  is  capable  of 
detecting  and  locating  large  seismic  events  (rock  slippage 
along  natural  fractures  or  faults),  the  geophones  are  too 
far  apart  to  accurately  locate  mining-induced  events  at  the 
active  workplaces.  The  Bureau  devised  a  strategy  to  con- 
centrate the  geophones  into  typical  stopes  (mining  areas 
about  200  by  500  feet)  to  record  the  rock  noise  in  areas 
where  the  miners  work.  By  using  such  a  dense  geophone 
array  at  a  mine,  the  Bureau  provided  event  location  and 
rate  information  to  mine  operators  who  removed  workers 
and  ceased  production  from  active  mine  areas  that  subse- 
quently suffered  rock  bursts. 

The  dense  geophone  arrays,  integrated  with  a  Bureau- 
designed  computer-aided  analysis  and  evaluation  system, 
will  simultaneously  sense,  locate,  and  graphically  display 
the  rock  noise  from  as  many  seismic  sources  and  active 
areas  of  the  mine  as  desired.  These  new  systems  improve 
the  sensitivity  and  accuracy  of  minewide  seismic  mon- 
itoring systems,  and  provide  vital  information  for  further 
rock  burst  research. 


Digitized  local  and 
regional  seismographs 


Mine  office  computers 


Schematic  of  minewide  acoustic  monitoring  system,  Including  Instrumentation,  communication,  and  analysis  capabilities. 
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How  It  Works 

The  geophone  arrays  designed  by  the  Bureau  include  12 
to  16  geophones  surrounding  an  active  stope.  Instead  of 
using  geophones  to  monitor  an  entire  mine,  the  Bureau- 
designed  array  detects  and  locates  mining-induced  rock 
noise  where  the  miners  are  working.  The  geophones  sense 
the  rock  noise  and  produce  an  electrical  signal.  This  signal 
is  amplified  for  use  in  a  computer  system  where  software 
programming  accurately  locates  the  source  of  each  event, 
notes  the  time  each  event  occurred,  and  gives  a  relative 
size  of  each  event.  This  information  is  graphically  dis- 
played and  used  by  the  Bureau  for  research  purposes  to 
determine  the  cause  of  large-scale  failures  and  by  mine 
management  to  warn  miners  of  the  possibility  of  rock 
bursts  within  the  active  mining  area. 

The  Bureau-designed  monitoring  system  integrates  data 
from  the  following  sources: 

1.  Detailed  individual  stope  arrays  (all  active  mine 
areas). 

2.  A  minewide  array  system  made  up  by  using  combi- 
nations of  accelerometers  from  local  dense  arrays. 

3.  Static  rock  mechanics  information. 

4.  A  digital  seismograph  on  the  surface. 

5.  Regional  seismographs. 

When  a  large  event  is  noted  by  the  surface  seismo- 
graph, the  data  collection  system  at  the  mine  can  be  inter- 


rogated for  activity  at  the  mine  site.  The  minewide  array 
can  be  used  to  determine  if  the  event  occurred  within  the 
mine.  If  the  event  did  occur  within  the  mine,  the  location 
can  be  determined  with  this  minewide  array.  The  process 
allows  location  of  events  that  occur  between  local  dense 
arrays  and  events  so  large  that  they  overdrive  the  nearby 
dense  array. 

Data  are  collected  in  an  underground  instrumentation 
room.  Computers  in  the  system  network  detect  and  locate 
events  that  occur  in  or  near  mining  activity,  assist  in 
understanding  the  relationship  of  rock  noise  to  the  struc- 
ture and  geology  of  the  mine,  and  perform  digital  signal 
analysis  to  gain  a  better  fundamental  understanding  of  the 
rock  burst  phenomenon.  The  data  collection  computer 
network  is  extended  to  the  mine  surface  with  a  fiber  optic 
link.  At  the  surface  the  data  can  be  displayed  on  mine 
office  computers  for  immediate  use  by  mine  officials.  The 
data  can  also  be  further  analyzed  at  remote  facilities 
through  the  use  of  two-way  modem  or  satellite  communi- 
cations. 


For  More  Information 

For  additional  information  regarding  this  development, 
contact: 

Richard  C.  Repsher  or  Bernard  J.  Steblay 

Denver  Research  Center 

U.S.  Bureau  of  Mines 

Building  20,  Denver  Federal  Center 

Denver,  CO  80225-0086 

(303-236-0776  or  303-236-0742) 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Looking  at  Ways  to  Assess  Structural  Performance 


Reliable,  economical  devices  are  needed  to  measure  the  behavior  of  structures  during  events  such  as 
earthquakes  or  strong  winds  or  to  assess  the  day-to-day  condition  of  a  structure.    At  present,  field 
measuring  devices  tend  to  be  costly  and  need  almost  constant  monitoring  as  well  as  frequent 
equipment  servicing  and  calibration.    In  some  cases,  they  produce  questionable  data  or  malfunction 
during  critical  events  such  as  earthquakes.    In  a  meeting  held  last  fall,  experts  from  around  the 
world  convened  at  NIST  to  discuss  these  problems  and  some  new  materials  and  improved  technology 
that  could  have  a  dramatic  impact  on  the  reliability  and  versatility  of  measurement  devices.    In 
addition,  the  experts  formulated  recommendations  for  future  research.    A  report,  Sensors  and 
Measurement  Techniques  for  Assessing  Structural  Performance  -  Proceedings  of  an  International 
Workshop  (NISTIR  89-4153),  is  available  from  the  National  Technical  Information  Service, 
Springfield,  VA  22161. 

FOR  ADDITONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA 
22161;   (703)487-4600. 

NTIS  order  number:     PB89-235865NAC 

Price  code:  A04 
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Ceramic  Wick  for  Capillary-Pumped  Heat  Pipe 

The  fibrous  ceramic  wick  allows  the  choice  of  working  fluid  and 
high-temperature  fabrication  and/or  operation. 


A  ceramic  heat-pipe  wick  is  compatible, 
physically  and  chemically,  with  such  ther- 
mally efficient  working  fluids  as  chloro- 
f  luorocarbons  and  ammonia.  The  wick  ma- 
terial resists  degradation  at  temperatures 
from  -195  to  +1,500  °C. 

The  wick  material  is  a  porous,  perme- 
able, open-cell  ceramic  made  of  silicon  di- 
oxide and  aluminum  oxide  fibers  (78  per- 
cent and  22  percent  by  volume,  respec- 
tively) held  together  by  boric  oxide  or 
another  suitable  inorganic  binder.  With  an 
average  size  of  less  than  5  microns,  the 
pores  are  small  enough  to  ensure  effective 
pumping  but  not  so  small  that  they  impede 
fluid  flow  significantly.  The  material  resists 
chemical  attack  by  the  fluid  and  does  not 
contaminate  the  fluid  or  generate  particles 
that  could  clog  the  system.  It  is  easy  to 
machine.  Because  it  is  not  brittle,  it  is  resis- 
tant to  vibration. 

The  new  material  offers  more-uniform 
pore  size  and,  therefore,  more-uniformly- 
distributed  capillary  action  than  do  wire- 
mesh  or  sintered  metal  wicks,  and,  unlike 
them,  does  not  corrode.  It  is  more  stable 
chemically  than  are  cloth  wicks.  It  is  easier 
to  fabricate  and  less  prone  to  breakage 
than  are  glass-fiber  or  sintered  ceramic 
wicks.  Because  the  new  material  with- 
stands high  temperatures,  it  is  not  de- 
graded by  welding  or  soldering  when  it  is 
assembled  in  an  enclosure. 

The  silica/alumina  wick  capillary 
pumped  loop  is  housed  in  the  evaporator  of 


Evaporator 
Housing 


Evaporator 
Housing* 


Standoff 
Pedestal 


SECTION  A-A  MAGNIFIED 


Condenser  Section . 
of  Heat  Pipe 


The  Liquid  Refrigerant  fills  the  bore  of  the  silica/alumina  wick.  After  flowing  by  capillary  ac- 
tion through  the  pores  of  the  wick,  the  refrigerant  evaporates  from  the  finned  outer  surface 
of  the  wick  and  enters  the  heat  pipe,  flowing  toward  the  condenser  section. 


a  heat  pipe  (see  figure).  The  working  fluid, 
in  liquid  form,  enters  the  bore  of  the  wick 
through  its  open  end.  The  liquid  flows 
radially  outward  through  the  wick  and 
evaporates  from  the  radially  heated  outer 
finned  surface  of  the  wick.  The  working 
fluid,  now  in  vapor  form,  flows  through  the 
channels  between  the  fins  and  leaves  the 
evaporator.  The  vapor  gives  off  heat  in  the 
condenser  section  of  the  capillary  loop,  be- 
comes liquid  again,  and  flows  back  to  the 
evaporator  for  recycling. 


This  work  was  done  by  Benjamin 
Seidenberg  and  Theodore  Swanson  of 
Goddard  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13199/TN. 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S.     - 
Friedman 
Mail  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
R.  Dennis  Marchant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Decentralized  Adaptive  Control  for  Robots 

Precise  knowledge  of  the  dynamics  would  not  be  required. 


A  proposed  scheme  for  the  control  of  a 
muttijointed  robotic  manipulator  calls  for  an 
independent  control  subsystem  for  each 
joint,  consisting  of  a  proportional/integral/ 
derivative  feedback  controller  and  a  posi- 
tion/velocity/acceleration feedforward 


controller,  both  with  adjustable  gains.  The 
independent  joint  controllers  would  com- 
pensate for  unpredictable  effects  (e.g.,  fric- 
tion, variations  in  pay  load,  and  imprecise 
knowledge  of  the  dynamics  of  the  manipu- 
lator), gravitation,  and  dynamic  coupling 
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Figure  1.  The  Adaptive  Independent  Controller  of  joint  /  would  generate  the  torque  T,  that 
would  make  the  actual  trajectory  (0(  ,6)  ,9])  of  this  joint  track  the  reference  trajectory  (6rl,Brl,drl). 
The  A-  terms  represent  adjustable  feedback  gains;  the  q  terms,  adjustable  feedforward  gains. 
These  gains  would  be  adjusted  according  to  the  adaptation  law. 
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Figure  2.  The  Controller  of  Figure  1,  with  appropriate  adaptive  gains,  can  be  represented  as 
the  combination  of  a  posltlon/veloclty/accelerat  Ion  feedforward  controller  and  a  proportion- 
al/! ntegral/deri  vat  I  ve  feedback  controller. 


between  motions  of  joints,  while  forcing 
the  joints  to  track  reference  trajectories. 
The  scheme  is  amenable  to  parallel  proc- 
essing in  a  distributed  computing  system 
wherein  each  joint  would  be  controlled  by  a 
relatively  simple  algorithm  on  a  dedicated 
(to  read  "torques")  microprocessor. 

For  the  purpose  of  the  scheme,  it  is  con- 
venient to  view  each  joint  as  a  subsystem 
of  the  entire  manipulator  system.  The  sub- 
systems are  considered  to  be  interconnect- 
ed by  disturbance  torques  that  represent 
the  inertial  coupling,  Coriolis,  centrifugal, 
frictional,  and  gravitational  effects.  The 
problem  is  to  design  the  set  of  independent 
joint  controllers  in  which  the  /th  controller 
generates  the  joint  torque  Tit)  (where  t  = 
time)  by  responding  only  to  the  actual  joint- 
angle  trajectory  9ft)  and  the  reference 
joint-angle  trajectory  6rft)  and  makes  Oft) 
track  Orft).  The  adaptive  independent  con- 
troller dedicated  to  the  /th  joint  would  be 
described  by 

Tft)  =  fft)  +  [ki0(t)eft)  +  k^eft)] 
+  [ql(^t)Orft)  +  qh(t)0,ft)  +  q  ^t)0  r  ft)] 

as  shown  in  Figure  1,  where  eft)  =  0,ft)  - 
Off)  is  the  position-tracking  error  of  joint  /'. 
The  Xerm  f ft)  represents  an  auxiliary  signal 
synthesized  by  the  adaptation  scheme  to 
improve  the  tracking  performance  and 
partly  compensate  for  the  disturbance 
torques.  The  term  in  the  first  set  of  brackets 
represents  the  adaptive  position/velocity 
feedback  controller  with  the  adjustable 
gains  ki(ft)  and  ktft)  acting  on  the  position 
and  velocity  tracking  errors  eft)  and  eft), 
respectively.  The  term  in  the  second  set  of 
brackets  represents  the  adaptive  posi- 
tion/velocity/acceleration feedforward 
controller  with  the  adjustable  gains  q^t), 
qn(t),  and  qJf)  operating  on  the  desired 
position  Oft),  velocity  Orft),  and  accel- 
eration Qrft),  respectively. 

A  theorem  derived  via  the  theory  of 
model-reference  adaptive  control  provides 
the  necessary  controller-adaptation  law  in 
the  form  of  specifications  for  the  auxiliary 
signal,  feedback  gain  and  feedforward 
gain.  The  resulting  independent-joint-con- 
trol law  can  be  expressed  as  that  of  the 
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combination  of  the  proportional/integral/ 
derivative  feedback  controller  and  the  pro- 
portional/derivative/second-derivative 
feedforward  controller  illustrated  in  Figure 
2. 

The  controller-adaptation  laws  are  sim- 
ple and  involve  only  a  few  arithmetic  opera- 
tions. The  proportional-plus-integral  adap- 
tation laws  give  a  large  family  of  adaptation 


schemes,  from  which  the  most  suitable 
scheme  for  a  particular  application  can  be 
selected.  The  use  of  proportional-plus- 
integral  adaptation  laws  yields  improved 
convergence  and  increased  flexibility  in 
comparison  to  the  conventional  integral 
adaptation  laws. 


This  work  was  done  by  Homayoun 
Seraji  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17542/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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Computational  Architecture  for  Control  of  Remote  Manipulator 

Synchronization  is  done  by  hardware  to  reduce  the  software  overhead. 


A  computational  architecture  is  guiding 
the  development  of  a  distributed  computing 
system  for  the  bilateral  control  of  a  robotic 
remote  manipulator.  Bilateral  control  in- 
volves master  and  slave  arms.  Information 
from  sensors  on  the  slave  arm  is  used  to 
back-drive  the  master  arm  to  give  the  hu- 
man operator  a  sense  of  force  and/or  torque. 
The  kinematic  and  dynamic  relationships 
between  the  two  arms  are  established  by 
the  mathematical  transformations  com- 
puted by  the  processors.  Because  the  two 
arms  can  be  separated  by  a  large  dis- 
tance, it  is  necessary  to  have  two  comput- 
ing nodes :  one  at  the  master-arm  site  in  the 
control  station  and  another  at  the  remote 
slave-arm  site  (see  figure). 

Such  distributed  computation  requires  a 
tightly  integrated  computational  architec- 
ture within  each  computing  node  and  be- 
tween the  two  nodes.  For  this  reason,  a 
multibus  computing  architecture  was  se- 
lected. Multiple  bus  masters  operating  in  a 
closely  coupled  environment  enable  shar- 
ing of  information  from  various  sources 
within  a  processing  node.  The  ability  to 
share  memory  space  makes  it  easy  to  syn- 
chronize multiple  processors  to  coordinate 
control  of  the  telerobot  and  associated 
handling  of  sensor  data  in  real  time. 

The  principal  method  embodied  in  the  ar- 
chitecture is  the  use  of  fully  synchronized, 
interruption-driven  software.  Inasmuch  as 
one  of  the  objectives  of  this  development  is 
to  use  data-processing  resources  efficient- 
ly, synchronization  is  done  by  the  equip- 
ment to  reduce  the  sizes  of  computer  pro- 
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Computing  Resources  are  located  at  both  the  master-arm  node  (control  station)  and  the 
slave-arm  node  (remote  station).  This  architecture  provides  for  effective  control  while  reduc- 
ing the  computational  burden  on  the  host  computer  and  reducing  and  balancing  the  load  on 
the  communication  channel. 


grams.  The  architecture  also  balances  the 
load  on  the  communication  channel  that 
connects  the  two  nodes. 

This  work  was  done  by  Zoltan  F. 
Szakaly  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17401/TN. 
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Force-Feedback  Cursor  Control 

A  robot  controller  would  move  a  cursor  and  manipulate  images. 


The  use  of  force-feedback  hand-held 
controllers  has  been  proposed  to  help  com- 
puter operators  position  cursors  on  comput- 
er video  displays.  Such  controllers  were 
originally  developed  for  controlling  remote 
manipulators  on  robots:  they  transmit 
users'  hand  and  finger  movements  to  the 
manipulators  and  feed  back,  to  the  users' 
hands,  forces  that  represent  the  interac- 
tions of  the  manipulators  with  the  manipu- 
lated objects. 

To  control  a  cursor,  a  hand  controller 
would  replace  a  joystick  or  electronic 
mouse.  As  with  a  joystick  or  mouse,  motion 
of  the  handlelike  controller  in  a  plane  would 
move  the  cursor  horizontally  and  vertically 
on  the  screen.  The  operator  would  press  a 
button  on  the  handle  to  obtain  the  action 
when  the  cursor  reaches  the  desired  posi- 
tion indicated  by  an  icon  or  image. 

Unlike  a  joystick  or  mouse,  the  control- 
ler would  have  additional  degrees  of  free- 


dom. Thus,  icons  on  the  screen  could  be 
made  to  respond  to  movement  toward  or 
away  from  the  screen  and  to  rotations.  If, 
for  example,  a  picture  of  a  switch  were 
oriented  vertically  on  the  screen,  the  oper- 
ator might  open  or  close  the  switch  by  rota- 
tion of  the  controller  around  the  pitch  axis. 
In  another  possible  variation,  an  image  of  a 
control  knob  might  be  rotated  by  move- 
ment around  the  roll  axis.  With  many  such 
images  on  the  screen,  the  operator  would 
use  the  controller  to  move  the  cursor  to  the 
proper  image,  then  press  a  button  to  ac- 
tivate the  function  represented  by  the  im- 
age. 

With  special  software,  the  force-feed- 
back ability  of  the  controller  could  be 
brought  into  play.  Force  feedback  could  re- 
pel the  controller  and  cursor  from  the 
boundaries  of  images  and  attract  them  to- 
ward the  centers,  preventing  the  cursor 
from  being  set  in  ambiguous  positions. 


Force  feedback  could  also  guide  the  oper- 
ator's hand  in  following  straight  lines  and 
even  along  curves. 

Once  the  cursor  is  positioned  on  the  im- 
age of  a  switch,  the  controller  could  pro- 
duce a  force  that  the  operator  must  over- 
come to  change  the  position  of  the  switch. 
The  force  adds  realism  by  simulating  the 
breakaway  force  of  a  real  toggle  switch 
and  thereby  reduces  the  likelihood  of  false 
operation. 

Force  feedback  could  also  transmit  in- 
formation to  alert  the  operator  to  condi- 
tions not  necessarily  related  to  images  on 
the  screen.  For  example,  a  vibrating  force 
could  signal  an  alarm  that  requires  imme- 
diate attention.  Because  humans  respond 
faster  to  tactile  stimuli  than  to  visual  ones, 
force  feedback  can  speed  corrections. 

This  work  was  done  by  Blake  Hanna- 
ford  and  Zoltan  F.  Szakaly  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17520/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


413 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Hinged,  Magnetic  Holder  for  Radiographic  Film 

A  specialized  tool  reaches  a  hidden  position. 


A  hinged  holder  equipped  with  magnets 
(see  Figure  1)  enables  the  positive,  ac- 
curate, and  repeatable  placement  and 
orientation  of  radiographic  film  at  a  hidden 
and  otherwise  inaccessible  location.  The 
holder  is  only  a  simple,  specialized  tool  de- 
signed for  the  x-ray  inspection  of  welds  in- 
side engine  parts  of  a  specific  configura- 
tion. However,  it  serves  as  an  example  of 
the  solution  of  problems  of  the  type  that 
often  occur  in  the  inspection  of  parts  with 
cavities. 

The  film  is  taped  to  the  holder.  Four  mag- 
nets attached  to  the  holder  enable  the 


holder  to  be  pulled  along  the  inside  wall  of 
the  workpiece  by  magnets  that  are  moved 
along  the  outside  of  the  workpiece  (see 
Figure  2).  On  the  way  to  the  location  to  be 
inspected,  the  holder  is  pulled  up  along  a 
duct,  past  a  flow  splitter,  and  into  a  shell. 
The  hinge  at  the  front  of  the  film  holder 
allows  the  film  to  pass  by  the  splitter. 

The  outside  magnets  are  released  to 
allow  the  holder  to  fall  to  the  bottom  of  the 
shell.  The  outside  magnets  are  then  moved 
to  grab  the  holder  again,  move  it  up  the 
sidewall  of  the  shell,  and  then  move  it  down 
into  the  position  for  inspection.  The  hinge 


enables  the  film  to  rotate  into  the  required 
position  and  orientation  when  the  holder 
reaches  the  end  of  the  shell.  The  holder  is 
removed  by  reversing  the  foregoing  se- 
quence of  motions. 

This  work  was  done  by  Darryl  E.  Pierce 
of   Rockwell   International    Corp.    for 
Marshall  Space  Flight  Center. 
MFS-29366/TN 


Film  Taped 
to  Holder 


Magnets 


Figure  1.  The  Holder  Is  Made  from  simple, 
readily  available  parts. 


Figure  2.  The  Film  and  Holder  Are  Inserted 

in  the  end  of  the  duct  and  pulled  along  by 
magnets  on  the  outside. 
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Mounts  for  Selective  Rotation  and  Translation 

Blade-in-groove  bearings  are  stacked  to  obtain  the  necessary  degrees  of  freedom. 


A  mounting  system  allows  panels  to  be 
tilted,  rotated,  and  translated  selectively. 
The  system  was  developed  for  large  solar 
reflectors  or  antennas  composed  of  hex- 
agonal panels  about  6  ft  wide  and  6  in.  thick 
(1.8  by  0.15  m).  With  the  system,  each  panel 
can  be  tilted  around  two  axes  to  focus  the 
antenna.  At  the  same  time,  each  panel  can 
translate  along  these  axes  to  accommo- 
date thermal  expansion  and  contraction 
without  affecting  the  focus. 

A  panel  is  mounted  at  three  points  (see 
Figure  1).  Each  point  allows  tilting  around 
the  axes  of  the  sides  of  the  triangle  formed 
by  the  points.  Not  all  points  accommodate 
translation,  however:  if  they  did,  each 
could  shift  in  its  plane  and  interfere  with 
neighboring  panels.  Accordingly,  the  mount 
at  point  A  allows  rotation  about  axes  AB 
and  AC  but  no  translation;  the  mount  at 
point  B  allows  translation  along  axis  AB 


and  rotation  about  axis  BC;  and  the  mount 
at  point  C  allows  both  translation  along, 
and  rotation  about,  axes  AC  and  BC. 

Combinations  of  knife-edge  blades  in 
V-shaped  grooves  provide  the  requisite  ro- 
tational and  translational  freedom  at  each 
point  with  low  friction.  At  A,  a  lower  blade 
and  an  upper  blade  at  an  angle  of  60°  to 
the  lower  blade  allow  independent  tilt 
around  axes  AB  and  AC,  but  no  translation 
(see  Figure  2).  At  B,  two  blades  are  aligned 
perpendicular  to  axis  AB  to  allow  transla- 
tion along  axis  AB,  and  a  third  blade  at  60° 
is  added  to  allow  rotation  around  axis  BC. 
At  C,  four  blades  are  stacked.  The  lower 
two  are  aligned  with  each  other;  the  upper 
two  are  also  aligned  with  each  other,  but  at 
60°  to  the  lower  two.  Mount  C  can  thus  tilt 
around  axes  BC  and  AC  and  translate 
along  both  axes. 


Figure  1.  A  Hexagonal  Panel  Is  Mounted  at 

three  points.  The  mount  at  each  point  al- 
lows a  unique  combination  of  rotation  and 
translation,  with  just  the  required  degrees 
of  freedom  to  accommodate  thermal  ex- 
pansion and  adjustments. 

This  work  was  done  by  Earl  ft  Collins, 
Jr.,  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory. 

NP0-17686/TN 


MOUNT  AT  POINT  A 


MOUNT  AT  POINT  B 


MOUNT  AT  POINT  C 


Figure  2.  Stacked  Blades  and  Grooves  give  the  requisite  rotational  and  translational  freedom  at  each  point.  At  A,  two  blades  at  60°  let  the 
mount  rotate  around  two  axes  without  translating.  At  B,  two  parallel  blades  allow  tilt  and  translation,  and  a  third  blade  at  60°  allows  tilt 
around  another  axis  without  translation.  The  mount  at  C  has  two  translational  and  two  rotational  degrees  of  freedom. 
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Remote-Manipulator  Hand  With  Data-Processing  Ability 

An  end  effector  contains  electronics  for  processing  sensory  and  control  data  locally. 


A  "smart"  hand  for  a  remote  manipula- 
tor not  only  senses  forces  acting  on  it  and 
detects  the  presence  of  objects  in  its  im- 
mediate vicinity  but  also  processes  the 
sensory  data  and  controls  its  gripping 
claws.  The  hand  thereby  reduces  the  com- 
putational load  on  the  control  computer  of 
the  manipulator  system. 

The  hand  includes  a  wrist  body  and  two 
opposing  jaws  with  sets  of  claws  that  mesh 
with  each  other  (see  figure).  Sensors  in  the 
wrist  measure  forces  and  torques  on  the 
hand  in  three  orthogonal  directions.  Sen- 
sors in  the  claws  measure  gripping  forces. 
Proximity  sensors  will  be  added  to  the 
claws  to  detect  objects  at  distances  up  to 
at  least  6.3  cm  from  the  claw  surfaces. 
These  sensors  give  information  on  the 
distance  of  objects  and  provides  the  raw 
data  for  computation  of  the  position,  orien- 
tation, and  velocity  of  the  hand. 

The  grasping-force  sensors  on  the  jaws 
are  strain  gauges  connected  in  bridge  cir- 
cuits. Eight  additional  strain-gauge  bridges 
in  the  wrist  measure  forces  and  torque 
there.  The  proximity  sensing  will  be  done 
by  light  emitters  and  detectors  arranged  in 
pairs  over  the  hand.  Light  reflected  by  an 
object  from  an  emitter  to  a  detector  varies 
with  the  distance  of  the  object.  The  local 
processor  in  the  hand  illuminates  the  emit- 
ters in  sequence  and  simultaneously  reads 
the  digitized  output  of  the  corresponding 
detectors  in  the  pairs. 

The  analog  signals  from  the  sensors  are 
converted  to  digital  signals  and  fed  in  paral- 
lel to  a  local  processor  in  the  hand.  This 
processor  puts  the  signals  into  serial  form 
and  sends  them,  via  a  slipring,  to  a  signal 
processor  on  the  stationary  side  of  the 
rotary  wrist.  The  signal  processor  com- 
putes parameters  for  the  operator's  dis- 
play. The  processor  also  receives  com- 
mand signals  from  the  control  computer.  It 


Housing  of  Local  Electronics 
and  Microcomputers 


Motor 


■  Claws 


The  Jaws  of  the  Hand  Open  as  wide  as  8.8  cm.  A  brushless  dc  motor  operates  the  claws 
through  a  bevel-gear  drive  train  and  a  pair  of  ball  screws.  The  maximum  grip  force  is  540  N,  or 
about  120  lb. 


interprets  the  coded  commands,  calcu- 
lates the  required  hand  response,  and  gen- 
erates control  signals  for  the  dc  motor  that 
drives  the  hand. 

This  work  was  done  byAntal  K.  Bejczy, 
Howard  C.  Primus,  and  Victor  D.  Schein- 
man  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-16648/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 
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Tracing  Rays  in  Laser- 
Fringe  Anemometers 

Effects  of  refraction 
are  calculated  by  a 
simple  program. 

"OPTMAIN"  is  a  simple  ray-tracing 
computer  code  developed  to  quantify  the 
refractive  effects  that  result  when  a  laser- 
fringe  anemometer  is  used  to  observe 
flows  through  a  window.  These  refractive 
effects  can  result  in  the  following:  (1)  dis- 
placement of  the  probe  volume,  (2)  "un- 
crossing" of  the  beams  that  make  up  the 
probe  volume,  and  (3)  a  change  in  the 
angle  of  crossing  of  the  beams. 

The  code  calculates  these  changes  for 
four  different  types  of  windows:  (1 )  flat-plate 


windows,  (2)  simple  cylindrical  windows, 

(3)  "general"  axisymmetric  windows,  and 

(4)  smooth  general-surface  windows.  The 
first  two  window  surfaces  are  described 
analytically,  while  the  last  two  are  de- 
scribed by  use  of  a  cubic-spline  curve- 
fitting  routine.  Other  input  variables  include 
the  orientations  of  the  laser  beams,  the 
angle  of  crossing,  the  wavelength,  and  the 
indices  of  refraction. 

The  code  is  currently  operational  on  a 
VAX  11/750  computer.  It  is  written  in  FOR- 
TRAN IV. 


This  program  was  written  by  Karl  Owe 
of  Lewis  Research  Center. 

LEW-14535/TN 
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Robotic  Target-Tracking  Subsystem 

The  position  and  orientation  of  the  target  are  measured  in  six  degrees  of  freedom. 


A  robotic  vision  subsystem  measures 
the  relative  position  and  orientation  of  a 
specially  designed  target.  The  subsystem 
uses  standard  image-processing  algo- 
rithms implemented  directly  in  circuitry 
instead  of  computer  programs,  which  con- 
sume more  time.  This  feature  makes  it  pos- 
sible to  extract  complete  sets  of  target- 
tracking  data  from  successive  image  frames 
at  the  rate  of  30  frames  per  second.  The 
subsystem  could  be  useful  in  industrial 
assembly  operations  that  require  automat- 
ic joining  of  parts  that  are  initially  oriented 
and  moving  randomly. 


A  solid-state  video  camera  views  the  tar- 
get, which  consists  of  five  bright  or  reflec- 
tive circles,  four  of  which  are  located  at  the 
corners  of  a  square  and  the  fifth  of  which  is 
located  at  the  center  of  the  square  but  off- 
set from  the  plane  of  the  square  (see 
figure).  The  raw  image  data  are  sent  to  the 
image-processing  circuitry,  which  per- 
forms a  convolution  difference-of-Gaus- 
sian  edge-analysis  filtering  operation  to 
bring  out  the  picture  elements  that  repre- 
sent the  edges  of  the  circles. 

The  image  data  are  then  processed  fur- 
ther to  obtain  the  centroids  of  the  five 


< 

Video 
Camera  ^^— 

p 

Target"-^^'' 

The  Five  Bright  Circles  of  the  target  are  positioned  in  such  a  way  that  the  video  images  of 
them  can  be  processed  into  data  on  the  position  and  orientation  of  the  target  relative  to  the 
camera. 


circles.  The  locations  of  these  centroids 
relative  to  each  other  and  to  the  overall  im- 
age frame  are  processed  to  obtain  three 
Cartesian  coordinates  of  the  target  relative 
to  those  of  the  camera.  Triangulation  cal- 
culations based  on  the  vector  relationships 
among  the  locations  of  the  five  circles  and 
the  central  axis  of  the  target  yield  the  roll, 
pitch,  and  yaw  angles  that  describe  the 
orientation  of  the  target  relative  to  the  line 
of  sight  and  the  field  of  view  of  the  camera. 
Thus,  the  relative  position  and  orientation 
of  the  target  are  determined  in  all  six  de- 
grees of  freedom.  The  offset  of  the  central 
circle  from  the  plane  of  the  other  four 
circles  can  be  increased  or  decreased  to 
increase  or  decrease  the  sensitivity  of  the 
subsystem  to  the  pitch  and  yaw  of  the  tar- 
get. 

The  output  data  may  have  to  be  trans- 
formed into  spherical  or  other  coordinates 
used  by  the  robot.  However,  this  transfor- 
mation can  be  performed  easily  in  soft- 
ware. If  the  robot  is  changed,  it  is  neces- 
sary only  to  change  this  software. 

This  work  was  done  by  Lawrence  M. 
Shawaga  of  Kennedy  Space  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel,  Kennedy 
Space  Center.  Refer  to  KSC-11447/TN. 

John  F.  Kennedy 
Space  Center 

Technology  Utilization 
Officer:  Thomas  M. 
Hammond 
Mail  Stop  PT-PMO-A 
Kennedy  Space 
Center,  FL  32899 
(407)867-3017 
Patent  Counsel: 
James  O.  Harrell 
Mail  Code  PT-PAT 
Kennedy  Space 
Center,  FL  32899 
(407)  867-2544 
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SYNOPSIS; 

The  helical  wound  pressure  gauge  is  a  direct  reading  gauge 
possessing  several  advantages  over  the  commonly  used  C-bourdon  tube 
type  gauge.  The  figure  to  the  right  shows  a  typical  helical  wound 
bourdon  tube.  It  is  a  multi-media  gauge  that  can  measure  pressure 
of  air,  water,  oil,  acid,  etc;  even  wet  concrete.  The  helical 
wound  gauge  is  available  in  different  case  sizes,  numerous  pressure 
ranges,  and  several  degrees  of  accuracy  (including  0.251,  0.5%  and 
1%  of  full  scale).  Recalibration  is  minimized  providing  proof 
pressure  without  calibration  shift  up  to  150%  of  full  scale 
pressure  up  to  8000  PSI  and  up  to  125%  for  pressures  over  8000  PSI. 
Overstressing  is  readily  detectable  by  a  gauge's  inaccurate  reading 
of  zero  pressure,  (continued  on  reverse  side) 

APPLICATIONS  = 

Fielded:  F-15  landing  gear  strut  and  jet  start  system  accumulator. 

Aircraft  Carrier  catapults  and  pressure  test  sets. 
Current:  F-16  hydraulic  brake  test  set. 

Navy  submarine  systems. 

AIR    FORCE     R&M    2QOO    GOAL    HIGHLIGHTS; 

Increase  Combat  Capability:  Quicker  and  more  accurate  troubleshooting  of  F-16  brake  system. 

Decrease  Mobility  Requirements:  Limited  necessity  for  recalibration. 

Decrease  Manpower  Requirement:  Reduces  gauge  remove  and  replace  actions. 

Decrease  Costs:  Navy  avoided    S4.5M  verses  electronic  gauge  alternative  in  replacing    submarine  gauges. 

BENEFITS/DRAWBACKS  r 


No  gears 
of  linkages 


HELICAL  WOUND  PRESSURE  GAUGE 


minimal 


The  helical  direct  drive  pressure  gauge  offers  several  advantages  over  the  C-tube  type  gauge.  First, 
recalibration  is  required,  thus  reducing  PMEL  manpower  and  equipment  requirements.  Second,  durability  is  improved  over 
the  C-tube  type  since  the  helical  wound  gange  can  withstand  repeated  overpressure  excursions  (up  to  150%  of  full 
scale)  without  fatiguing  the  bourdon  tube  material.    Third,  the  helical    gauge  (continued  on  reverse  side) 

DOCUMENTATION  = 

Tested    to  MIL-I-18997C,    Gauge,    Pressure,    Dial  Indicating.      Naval  Air  Engineering  Center  test  documentation  includes 
TDTP-85-E9    and  TDTP-84-E13.    Requisition  paperwork  must  specify  "direct  drive,  helical  wound  gauge". 
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SYNOPSIS;  ^continued) 

The  absence  of  mechanical  linkages  and  the  tube  length  (see  diagrai  below)  sake  this  overpressuriration  possible  and  are 
the  key  to  gauge's  accuracy.  The  burst  pressure  is  500%  of  gauge  span  or  15000  PSIG,  whichever  is  less.  The  lain 
application  is  the  replacement  of  trouble  prone  C-boardon  tube  pressure  gauge.  It  can  also  be  used  instead  of  an 
electronic  systei  giving  comparable  accuracy  at  a  wen  lower  cost. 


BENEFITS/DRAWBACKS r 

weighs 


(continued) 

less  than  an  equivalent  capacity  C-tube.  Fourth,  the  burst  pressure  rating  is  500%  of  gauge  span  up  to  15000 
PSIG,  whichever  is  less.  Helical  wound  gauges  are  available  in  reduced  sizes  with  a  0  -  8000  PSI  gauge  only  one  half 
inch  in  diameter.  A  disadvantage  is  the  higher  initial  cost,  5  to  20%  more  than  the  C-tube.  However,  the  life  cycle 
cost  is  generally  reduced  by  the  increased  durability  and  reduction  in  calibration  requirements.  Another  drawback 
is  that  the  helical  wound  gauge  has  a  low  mechanical  drive  capability  limiting  its  ability  to  drive  a  mechanical 
minimum/maximum  indicator  or  a  mechanical  switch.  Manufacturers  are  working  on  electro-optical  indicators  and  switches 
to   overcome    this    limitation.    The    technology  has  COMPARISON 

been    tested  to    MIL-I-18997C,    which    includes  high 

shock,        high     vibration      and     extended     life  one,™**, 

requirements. 


APPLICATIONS;     (continued) 

The  Navy  intends  to  use  this  20  year 
old  commercially  available  technology  in  submarines, 
surface  ships  and  test  equipment  applications  in 
which  C-tube  gauges  have  experienced  high  failure 
rates.  A  cost  sujudy  showed  a  S4.5M  cost  avoidance 
over  an  electronic  gauge  alternative  by  using  the 
helical  wound  gauge  to  replace  trouble  prone  C-tube 
gauges. 

Recent  Air  Force  use  is  in  the  F-16  hydraulic 
brake  test  set.  The  original  test  set  was  frequently 
out  of  commission  with  an  average  of  over  half  of 
the  gauges  in  the  field  totally  inoperable.  Even 
when  serviceable,  graduations  on  the  dial  only 
allowed  approximate  readings.  This  resulted  in 
frequent     remove    and    replace     actions    based    on 


C-UHX 


C-TUBE  TYPE 


HELICAL  WOUND 
TUBE  TYPE 

approximate  values  or  "plain  guesses"  as  the  confidence  in  the  test  set  eroded.  Two  versions  of  the  test  set  were  tried 
using  the  C-tube  gauge;  the  first  costing  S3096  and  the  second  S4433.  Then  a  completely  new  electronic  version  with  an 
estimated  cost  of  $10000  was  proposed.  The  F-16  SPO  Director  of  Logistics  then  learned  about  the  helical  wound  direct 
drive  gauge  and  personally  developed  a  simplified  version  of  the  test  set  that  cost  just  a  little  over  $1000.  The  new 
unit  was  field  tested  at  Shaw  and  Luke  AFBs;  and  first  article  acceptance  was  completed  with  excellent  results.  A 
unique  application  is  on  the  F-15  landing  gear  strut  where  two  indicators  are  incorporated  in  the  same  gauge.  One  covers 
a  100-250  PSI  range  while  the  other  covers  a  600-1200  PSI  range. 


TECHNOLOGY    CONTACTS; 

Office:  Naval  Ship  Systems  Engineering  Station 
Code  042C,  Philadelphia,  PA    19112 
Mr  Leonard  DeStefano  (Mechanical  Engr) 
AUTOVON:  443-1265 

Office:  Defense  General  Supply  Center  (DGSC/STBB) 
Richmond,  VA  23297-5000 
Mr  Peter  Moes,  Equipment  Specialist 

AUTOVON:  695-3237 
Comm:  (804)  275-3237 


USER    CONTACTS; 

Naval  Sea  System  Command 

SEA  56Z44,  Washington  DC  20362 

Mr  Don  Strawser  (Life  Cycle  Engineering  Mgr) 

222-6064/5 
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Shape  Gauge  Measures  Surfaces 

Tedious  measurements  and  calculations  are  performed  quickly  and  accurately. 


An  optical/mechanical/electronic  system 
acts  as  a  shape  gauge  by  taking  measure- 
ments of  machine-tool  motions  or  compli- 
cated contours  of  objects,  then  processing 
the  measurement  data  into  maps  or  pro- 
files indicative  of  the  shapes.  Typical 
measurements  include  deviations  from 
straightness  in  motions  of  positioning  ma- 
chinery, from  roundness  in  machined  cylin- 
ders or  spheres,  or  from  flatness  in  surface 
plates  and  optical  flats. 

The  gauge  can  operate  with  input  sig- 
nals from  a  variety  of  displacement  trans- 
ducers. For  example,  in  a  determination  of 
roundness,  a  combination  of  mechanical 
contact  points  can  indicate  against  the  sur- 
face while  the  position  along  a  scanning 
path  on  the  surface  is  measured  via  the  ro- 
tation of  a  wheel.  In  a  determination  of  flat- 
ness or  straightness,  any  of  several  well- 
known  interferometric  systems  can  be 
used  to  measure  the  local  displacement  of 
the  surface  perpendicular  to  the  scanning 
path  (nominally  on  the  surface)  or  the  local 
slope  of  the  surface  as  a  function  of  the 
displacement  along  the  path  (see  figure). 

The  displacement  along  the  path  and 
the  displacement  and/or  slope  of  the  sur- 
face are  measured  automatically,  under 
computer  control,  at  prescribed  points. 
Each  displacement  along  the  path  serves 
as  a  position  index  to  identify  the  measure- 
ment point  and  the  perpendicular  displace- 
ment or  slope.  In  processing,  the  data 
taken  along  a  path  can  be  partitioned  into 
subsets,  within  each  of  which  the  data 
points  are  separated  by  approximately  the 
distance  along  the  path  between  two  con- 
tact points  or  an  equivalent  pair  of  measur- 
ing devices.  Each  subset  is  suitable  for 
analysis  by  any  of  several  methods  analo- 
gous to  the  step  method  —  a  conventional 
method  of  determining  the  deviation  of  an 
edge  from  straightness  by  use  of  a  se- 
quence of  measurements  of  slope  at  regu- 
larly spaced  points  along  the  edge. 

Because  the  locations  of  the  subsets  rel- 
ative to  each  other  are  measured  accurate- 
ly, many  correlated  stepped  profiles  of  the 
surface  are  created.  Straightforward  least- 
squares  techniques  are  then  used  to  estab- 
lish the  unknown  angular  alignments  of  the 
subsets  with  each  other.  This  process  re- 
sults in  a  surface  profile  of  much-higher 
along-path  resolution  than  is  obtainable  in 
the  step  method.  Furthermore,  because 
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The  Transducers  of  the  Shape  Gauge  can  be  mechanical/electronic  or  optomechanical/elec- 
tronic components  that  move  along  a  path  on  the  surface  and  measure  the  roundness,  per- 
pendicular deviation,  or  slope  of  the  surface. 
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many  correlated  subsets  are  used  to  ob- 
tain the  shape  of  the  surface  and  the  fitting 
technique  allows  only  two  degrees  of 
freedom  to  each  subset,  there  is  a  statisti- 
cal improvement  in  the  accuracy  of  the 
measurement  in  comparison  with  that  of 
the  step  method. 

Because  of  the  ease  and  speed  with 
which  the  shape  gauge  produces  high-res- 
olution profiles,  many  intersecting  profiles 
can  be  measured  on  a  surface.  Then,  by 
demanding  closure  at  the  intersection  and 


using  a  generalization  of  conventional 
techniques  for  processing  measurements 
of  surface  plates,  a  three-dimensional  rep- 
resentation of  the  surface  is  generated. 

This  work  was  done  by  Ralph  C.  Veale, 
W.  Tyler  Estler,  and  Thomas  Charlton,  Jr., 
of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28284/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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v>EPA       Project  Summary 


Technologies  for  CFC/Halon  Destruction 


Introduction 

The  U.S.  Environmental  Protection 
Agency  (EPA)  requested  an  investigation 
into  several  areas  related  to  chloro- 
fluorocarbon  (CFC)  and  halon  destruction 
technologies: 

•  Currently  and  potentially  available 
destruction  technologies; 

•  Potential  environmental  or  health 
effects  posed  by  destruction  by- 
products; and 

•  Methods  to  monitor  destruction 
efficiency. 

This  report  documents  the  results  of  a 
limited  scoping  study  based  on  publicly 
available  articles  and  reports,  and 
personal  contacts  with  various  individuals 
who  are  knowledgeable  in  the  field. 

Technologies  to  Destroy  CFCs 
and  Halons 

Many  technologies  could  potentially  be 
used  to  destroy  CFCs  and  halons.  Most 
of  these  technologies  are  at  a  preliminary 
level  of  development  for  application  to 
CFCs  and  halons.  Only  thermal  incin- 
eration is  currently  available  and  demon- 
strated for  CFC  and  halon  destruction. 

Other  technologies  have  been  pro- 
posed for  destruction  of  CFCs  and 
halons.  Some  of  these  technologies  have 
been  commercially  used  for  destruction 
of  other  types  of  wastes,  but  they  have 
not  been  demonstrated  for  CFCs  and 
halons.  Each  of  these  promising  tech- 
nologies is  discussed  below. 

•  Catalytic  Incineration  is  similar  to 
thermal  incineration,  but  the  destruction 
is  achieved  at  lower  temperatures  by 
use  of  a  catalyst.  The  lower  temper- 
atures represent  a  potential  savings  in 
fuel  costs,  but  the  application  to  data, 
of  catalytic  incineration  has  been 
limited  to  destruction  of  hydrocarbons 
or  chlorinated  organics.  If  tests  of 
chloride-resistant  catalysts  are  suc- 
cessful with  CFCs  or  halons,  catalytic 
incineration  could  be  commercially 
available  in  the  near  term  (3  to  5 
years). 


•  Pyrolysis  is  destruction  using  high 
temperatures,  but  without  excess  oxy- 
gen for  direct  combustion.  This 
approach  offers  potential  for  reduced 
exhaust  gas  volume  (resulting  in 
smaller,  less  costly  gas  scrubbers),  but 
has  not  been  tested  with  CFCs  or 
halons.  If  demonstration  tests  were 
initiated,,  pyrolysis  could  be  com- 
mercially available  for  CFCs  or  halons 
in  the  near  term  (3  to  5  years). 

•  Active  metals  scrubbing  is  a  process 
which  uses  sodium,  zinc,  or  aluminum 
metal  to  rapidly  react  with  halogenated 
compounds.  It  has  only  been  com- 
mercialized for  destruction  of  PCB- 
containing  wastes.  Active  metals  scrub- 
bing could  be  commercialized  in  the 
moderate  term  (5  to  10  years). 

•  Chemical  scrubbing  is  a  process  that 
uses  a  highly  alkaline  reagent  to 
destroy  halogenated  compounds.  It  has 
only  been  demonstrated  on  the  bench- 
scale  for  PCB  destruction.  Chemical 
scrubbing  would  probably  be  a  long 
term  (10  to  15  years)  commercial  pos- 
sibility. 

•  Wet  air  oxidation  is  a  process  that  uses 
a  moderate  temperature  aqueous 
stream  with  oxygen  to  destroy  organic 
compounds.  Limited  test  data  show 
that  CFC-1 13  can  be  destroyed  by  this 
process,  but  its  use  is  limited  to  dilute 
aqueous  wastes.  The  ultimate  appli- 
cation of  wet  air  oxidation  is 
questionable  because  of  the  require- 
ment for  a  dilute  aqueous  form,  but  it 
could  probably  be  commercialized  for 
some  CFC  or  halon  applications  in  the 
moderate  term  (5  to  10  years). 

•  Supercritical  water  oxidation  is  similar 
to  wet  air  oxidation,  but  it  operates  at 
higher  temperatures  and  pressures 
The  current  application  of  supercritical 
water  oxidation  is  limited  to  destruction 
of  aqueous  wastes  containing  chlorin- 
ated organics.  It  is  possible  that  this 
technology  could  be  commercialized 
for  specialty  CFC  or  halon  streams  in 
the  moderate  term  (5  to  10  years). 

•  Corona  discharge  is  a  process  that 
uses  energized  electrons  from  an 
ionized  corona  field  to  destroy  many 
organics    It  is  currently  a  development 
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project,  but  shows  possibility  for  future 
development.  The  commercialization  of 
corona  discharge  for  destroying  CFCs 
or  halons  is  a  long  term  (10  to  20 
years)  possibility. 

Environmental  Implications  of 
CFC  Destruction 

Environmental  concerns  surrounding 
CFC  and  halon  destruction  include 
possible  formation  of  potentially  hazard- 
ous products  of  incomplete  combustion 
(PICs),  and  acid  and/or  halogenated  gas 
emissions.  PIC  formation,  in  general,  is  a 
poorly  understood  phenomenon,  which  is 
further  complicated  for  CFC  destruction 
systems  since  no  data  on  PIC  formation 
exist.  Data  from  hazardous  waste  incin- 
erators have  indicated  that  PIC  formation 
in  a  properly  operated  system  is  typically 
less  than  1  ppm.  At  these  low  levels,  the 
volumes  of  any  PICs  formed  would  be 
small.  The  overall  toxicity,  however,  is  an 
unresolved  issue  that  requires  additional 
data  to  resolve. 

Thermal  destruction  of  CFCs  or  halons 
also  produces  acid  gases  (HCI,  HF,  or 
HBr)  and/or  free  halogen  gases  (Cl2,  F2, 
or  Br2)  when  the  halogen-containing 
parent  compound  is  broken  down  in  the 
incinerator.  Both  types  of  gases  are 
hazards  because  of  their  toxicity  and 
corrosivity,  and  will  require  scrubbing 
with  either  a  water  or  caustic  solution  to 
react  with  the  acid/halogen  gases.  These 
aqueous  waste  streams  must  be  sent  to 
wastewater  treatment  facilities  before 
discharge.  Large  quantities  of  waste  salts 
are  generated.  For  each  1  lb  (0.45  kg)  of 
CFC-12  incinerated,  neutralization  of  the 
acid  gases  produced  results  in  the 
generation  of  roughly  1.5  lb  (0.68  kg)  of 
salts. 

Monitoring  Methods  for  CFC 
Destruction 

To  monitor  destruction,  record  keeping 
procedures  must  be  in  place  to  track  the 
quantities  of  CFC  compounds  in  the 
waste  fed  to  the  incinerator,  and  then 
methods  must  be  available  to  monitor  the 
destruction  efficiency  achieved  during 
incineration. 

The  basic  tracking  procedure  now  in 
use  involves  the  preparation  of  a  feed 
record  and  a  certificate  of  destruction  for 
each  waste  load  that  is  incinerated.  The 
feed  record  includes  information  on  the 


weight  and  composition  of  the  waste 
load.  This  information  is  gathered  when 
the  waste  load  is  received  by  the  in- 
cinerator facility.  After  the  waste  has 
been  incinerated,  the  certificate  of 
destruction  is  prepared  to  document  that 
the  waste  was  destroyed.  This  certificate 
is  sent  to  the  waste  originator  to  com- 
plete the  record  keeping  process. 

Currently,  continuous  monitoring  meth- 
ods for  measuring  the  destruction 
efficiency  of  CFCs  and  halons  do  not 
exist.  Incinerators  burning  wastes  that 
contain  CFCs  must  comply  with  the 
Resource  Conservation  and  Recovery  Act 
(RCRA)  performance  standards.  RCRA 
requires  prelicense  testing  (trial  burn)  to 
ensure  destruction  efficiency  and  to 
define  the  range  of  operating  parameters 
for  which  the  unit  would  be  in  com- 
pliance 

Regulatory  Impacts 

Currently,  the  regulations  that  would 
have  the  most  effect  on  CFC  disposal 
operations  are:  (1)  RCRA,  which  can 
affect  the  handling  and  processing  of 
spent  CFC  wastes;  and  (2)  the  Clean  Air 
Act,  which  affects  the  allowable  emis- 
sions of  acid  gases.  All  regulatory  pro- 
visions should  be  able  to  be  met  and  thus 
should  not  create  impediments  to  imple- 
menting a  CFC  destruction  program. 

Data  Gaps  and  Research 
Needs 

The  four  major  areas  of  data  gaps 
identified  in  this  evaluation  are:  (1)  PIC 
formation  resulting  from  CFC  destruction; 
(2)  technical  design  data  on  CFC  thermal 
destruction  systems,  particularly  in  the 
area  of  corrosion  and  materials  of  con- 
struction; (3)  all  aspects  of  halon  destruc- 
tion; and  (4)  availability  of  continuous 
CFC  or  halon  monitors  to  verify  destruc- 
tion. 

These  data  gaps  can  be  addressed 
through  short-term  (2-5  years)  research 
initiatives  which  would  be  focused  on 
better  characterizing  thermal  destruction 
systems  to  make  data  available  for  future 
developments.  In  addition  to  short-term 
research  initiatives,  a  longer-term  (5-15 
years)  research  program  should  also  be 
considered  to  promote  the  development 
of  the  most  promising  destruction  tech- 
nologies now  in  various  stages  of  devel- 
opment. 


FOR  ADDITIONAL  INFORMATION:   J.  C.  Dickerman,  T.  E.  Emmel,  G.  E.  Harris,  and  K. 
E.  Hummel  are  with  Radian  Corp.,  Research  Triangle  Park,  NC  27709.   Paul  M. 
Lemieux  is  the  EPA  Project  Officer  (see  below) .   The  complete  report,  entitled 
"Technologies  for  CFC/Halon  Destruction,"  will  be  available  only  from:   National 
Technical  Information  Service,  5285  Port  Royal  Road,  Springfield,  VA  22161; 
Telephone  703-487-4650. 

NTIS  order  number:   PB  90-116  955/NAC 

Price  code:   A04 
The  EPA  Project  Officer  can  be  contacted  at:   Air  and  Energy   Engineering 
Research  Laboratory,  U.S.  Environmental  Protection  Agency,  Research  Triangle 
Park,  NC  27711. 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Materials  Designed  To  Help  Monitor  Water  Pollution 


Environmental  agencies,  as  well  as  others  studying  pollution  in  the  nation's 
waterways,  need  materials  containing  an  accurate  composition  of  various  compounds 
as  a  check  to  verify  the  reliability  of  laboratory  instruments  and  methods.   Now 
NIST  has  developed  a  bottled  standard  reference  material  (SRM)  for  this  purpose. 
It  contains  marine  sediment  with  a  wide  range  of  pollutant  compounds  of  interest 
to  environmental  scientists.   The  sediment  material,  which  has  certified  values 
for  11  polycyclic  aromatic  hydrocarbons  (PAHs) ,  was  collected  from  the  Chesapeake 
Bay  area  near  Baltimore  harbor.   It  is  in  dry  powdered  form  which  can  be 
reconstituted  into  wet  form  so  that  the  compounds  can  be  extracted  by  solvents 
for  organic  analysis.   The  material  also  contains  non-certified  values  for  other 
PAHs,  polychlorinated  biphenyls,  and  chlorinated  pesticides.   It  is  available  for 
$241  from  the  Office  of  Standard  Reference  Materials,  NIST,  Room  204,  Building 
202,  Gaithersburg,  Md.  20899;  telephone:  301/975-6776.   The  SRM  is  among  the  more 
than  1,000  different  SRMs  available  in  NIST's  inventory.   Each  year  about  44,000 
units  are  sold  to  over  10,000  customers  throughout  the  world. 

FOR  ADDITIONAL  INFORMATION:   Office  of  Standard  Reference  Materials,  NIST,  Room 
204,  Building  202,  Gaithersburg,  Md.  20899;  301/975-6776. 
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Manufacturing,  Machinery  & 
Tools 


0423  Robotic  Canopy  Polishing  System 

0424  Computation  of  Flutter  in  Turbomachinery — A  "direct"  solution  procedure 
supplants  the  conventional  eigenmode  analysis. 

0425  Compliant  Prosthetic  or  Robotic  Joint — Rotation  is  partly  free  and  partly 
restrained  by  resilience  and  damping.  (Licensing  Opportunity) 

0426  Enclosed  Cutting-and-Polishing  Apparatus — Solid,  liquid,  and  gaseous 
materials  would  be  withdrawn  from  or  held  within  a  removable  liner. 
(Licensing  Opportunity) 

0427  Perpendicular-Force  Latch — Installation  and  removal  of  equipment 
modules  are  simplified. 

0428  Graphite/Thermoplastic-Pultrusion  Die — An  attachment  to  an  extruder 
produces  thermoplastic-impregnated  graphite  tape.  (Licensing 

Opportunity) 

0429  Physics  of  Variable-Polarity  Plasma  Arc  Welding — Even  small  amounts 
of  oxygen  cause  damage  in  welds. 


Testing  &  Instrumentation 

0430  Environmental  Stress  Screening  (ESS) 

0431  Dynamic  Torque  Calibration  Unit — Unit  offers  precision  torque 
measurement  for  rotary  components. 

0432  Magnetically-Guided  Penetrant  Applicator— A  small  wheeled  vehicle  is 
moved  inside  a  nonmagnetic  enclosure. 

0433  Printed-Circuit  Tape  Measures  for  X-Ray  Inspections— A  known  pattern 
is  impressed  on  the  x-ray  image  for  reference.  (Licensing  Opportunity) 


Technology  Fact  Sheet 

U.S.  Air  Force 


Robotic  Canopy  Polishing  System 


CANOPY  POLISHING  SYSTEM 


SYNOPSIS; 

Aircraft  acrylic  canopy  transparencies  incur  damage  from 
harsh  service  environments  leaving  then  scratched, 
pitted,  and  sometimes  crazed.  This  damage  adversely 
affects  the  vision  of  the  pilot  and  can  structurally 
weaken  the  canopy.  Southwest  Research  Institute 
(SHRI)  has  produced  a  system  and  demonstrated  its 
feasibility  for  robotically  polishing  aircraft 
transparencies.  The  process  starts  with  a  30  micron 
sanding  disk  to  remove  heavy  scratches,  then  15  micron'  to 
feather  out  area,  Co  9  micron  for  smoothing,  and  finally 
a  0.3  micron  disk  for  finishing  (see  photos  on  front  and 
back.)  Grinding  and  polishing  pattern  variations  for 
defect  area  contouring  were  extensively  tested.  SWRI 
found  the  best  method  for  removing  scratches  was 
pseudo-random  sanding  motions  with  increasingly  finer 
grits.  It  is  important  that  distortion  contouring  of  the 
defect  area  be  mimized  to  reduce  (continued  on  reverse) 

APPLICATIONS ; 

Fielded:    F-4  FWD  and  AFT,  F-16  A&C  model  transparencies. 

AIR     FORCE     R&M     2QOO     GOAL     HIGHLIGHTS; 

Increased  combat  capability:    Increase  availability  of  transparencies,   (350  F-4,  and  160  F-16  per  year.) 
Decrease  manpower  requirements:    Less  manpower  required  to  restore  transparencies  to  serviceability. 
Decrease  cost:    Avoid  need  to  purchase  as  many  new  transparency. 

BENEFITS/DRAWBACKS : 

with  an  annual  workload  of  350  F-4  transparencies  and  160  F-16  transparencies,  00-ALC  expects  an  estimated  savings  of 
S1.5M  over  the  next  five  years.  The  Robot  Canopy  Polishing  System  (RCPS)  developed  under  Productivity  Reliability 
Availability  Maintainability  (PRAM)  project  00-177,  is  the  first  attempt  to  automatically  repair  major  transparency 
defects  which  penetrate  the  surface  up  to  .010  inches  in  depth.  00-ALC  has  obtained  results  which  are  cost-effective, 
good  guality  and  very  repeatable.  A  significant  degree  of  machine  vision  is  being  used  to  reduce  the  time  expended  by  a 
human  operator,  namely: 

--Registering  human  inspector  markings  on  a  canopy  to  determine  the  three  dimensional  flaw  (Continued  on  reverse) 

DOCUMENTATION : 

AFALC/RA  PRAM  Program  Final  Report  00  177/34584  01;     Drawings  and  specifications  in  contractor  format. 
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SYNOPSIS  (cont'd); 

optical  distortion.  The  Robot  Canopy  Polishing  System  (RCPS)  uses  a  Masscomp  MC5450  minicomputer  (with  a  UNIX/C 
software  environment)  as  the  control  computer  for  orchestrating  the  events  in  the  polishing  work  cell.  The  RCPS  work 
cell  contains  three  Westinghouse/Unimation  PUMA  761  robots.  One  robot  serves  as  the  inspection  robot,  and  holds  a 
machine  vision  camera  and  lighting  for  use  in  identifying  flaw  location.  The  vision  robot  also  estimates  initial 
severity  of  flaws  and  provides  the  in-process  inspection  to  determine  when  they  have  been  removed.  The  location  and 
severity  of  flaws  enter  into  a  database  in  the  cell  control  computer  by  input  from  the  machine  vision  system.  The  other 
two  robots  are  polishing  robots  which  share  the  inspection  services  of  the  single  inspection  robot.  The  two  polishing 
robots  work  independently  of  each  other  and  simultaneously  polish  different  canopies.  Working  from  inspection  robot 
information,  the  cell  control  computer  directs  a  polishing  robot  through  the  optimum  motions  for  removing  the  canopy 
flaw.  The  polishing  robot  controller  also  monitors  position  feedback  from  its  end-effector  to  maintain  proper  polishing 
action. 


Computer  models  for  each  canopy  type  are  stored  in  the  cell  control  computer.  Software  programming  included  with  the 
system  will  permit  the  robot's  "learning"  new  canopy  configurations  of  aircraft  with  comparable  size  canopies  and 
material.  The  polishing  robot  controller  receives  information  needed  to  generate  the  polishing  motions  and  to  maintain 
the  polishing  tool  in  a  position  normal  to  the  canopy  surface.  Sufficient  adaptability  and  compliance  are  built  into 
the  polishing  robot  end-effector  and  polishing  routines  to  accommodate  canopy-to-canopy  part  variation  from  the  computer 
model. 

BENEFITS/DRAWBACKS   (confd): 

location  for  robotic  polishing. 
—Determining  gross  flaw  severity  (indicated  by  its 

reflectance)   for  use  in  selecting  an  initial 

polishing  schedule. 
—Determining   when  the  flaw   is  eliminated  to 

minimize   the  amount  of  transparency  material 

removed. 

Previous  labor  intensive  manual  methods  were  required 
to  repair  aircraft  canopies  with  pits,  scratches,  and 
crazing.  With  the  RCPS  system,  two  transparencies  can 
be  worked  simultaneously  and  mere  efficiently  than  by 
using  conventional  methods.  The  RCPS  is  used  for 
reworking  damaged  F-4  and  F-16  aircraft 
transparencies. 

A  drawback  is  that  the  entire  process  can  not  be 
automated  economically,  thereby  requiring  some  manual 
input.  Another  problem  is  determining  flaw  depth  on 
acrylic  plastic  surfaces.  Location  of  flaws  on  the 
inside  and  outside  and  determination  of  width  and 
length  of  the  flaws  have  been  accomplished  with 
machine  vision,  but  determining  flaw  depth  accurately 
and  quickly  continues  to  require  human  observation. 
The  human  eye  can  better  perform  initial  inspection  (a 
small  portion  of  the  rework  cycle). 
Therefore,  initial  judging  of  canopy  reworkability, 
remains  a  human  function  for  the  RCPS. 

TECHNOLOGY     CONTACT; 

Office:  00-ALC/rtANEP     Hill   AFB  UT  84056 

(Mr  Hal  Rcss,  Industrial  Engineer) 
AUTOVON:  458-2558      ' 
Coeim:   (801)   777  2558 


ROBOT  POLISHING  A  CANOPY 

USER    CONTACT: 

Office:  OO-AIC/MANPWD    Hill  AFB  UT  84056 

(Mr  Michael  Wilson,  Plastic  worker) 
AUTOVON:  458-2592 
Coran:   (801)  777-2592 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Opportunities  Program  at 
the  Air  Force  Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).     Determining  the  feasibility 
of  using  this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system 
requirements  and  the  capabilities  provided  by  the  technology,    for  further  information  on  the 
subject  technology,  please  contact  the  listed  organizations.    Comments  or  questions  about  the 
Technology  Transfusion  Opportunities  Program  are  welcomed  and  should  be  addressed  to  AFCOLR/TT 
Wright-Patterson  AFB,  OH    45433-5000  or  call  AUTOVON  785-1606,  Commercial  (513)  255-1606. 
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Computation  of  Flutter  in  Turbomachinery 

A  "direct"  solution  procedure  supplants  the  conventional  eigenmode  analysis. 


An  iterative  computational  procedure 
yields  the  critical  mach  numPer,  MF ,  for  the 
onset  of  flutter  and  the  flutter  angular  fre- 
quency, cof,  of  a  propfan,  turPine  with  un- 
shrouded  blades,  or  other  turPomachinery. 
Unlike  the  eigenmode  analytical  proce- 
dure used  heretofore,  the  new  procedure 
does  not  require  the  cumbersome  tracking 
of  eigenvalues  and  the  computationally  ex- 
pensive use  of  inner  and  outer  iteration 
loops  for  Avf  Fand  u>F .  In  the  new  procedure, 
the  flutter  proPlem  is  treated  as  a  complex, 
implicit  double-eigenvalue  problem  that 
can  be  solved  directly  for  MF  and  cjf  by 
quasi-Newton  iteration  (see  figure). 

The  procedure  is  applied  to  the  aero- 
elastic  analysis  of  a  propfan,  in  which  a 
finite-element  model  of  the  propfan  struc- 
ture is  combined  with  a  model  of  unsteady 
aerodynamics  based  on  a  three-dimen- 
sional subsonic-lifting-surface  theory.  The 
propfan  is  treated  as  consisting  of  iden- 
tical, symmetrically  distriPuted  groups  of 
blades,  for  which  the  linearized  aeroelastic 
equations  of  motion  are  then  uncoupled  for 
various  intergroup-phase-angle  modes.  MF 
is  then  the  lowest  mach  number  at  which 
one  of  the  intergroup  phase  angles  be- 
comes unstable.  For  a  given  intergroup 
phase  angle  oF ,  the  equations  of  motion  for 
the  group  mode  can  be  put  in  the  form 

Bq0  =  [-ufMg  +  Kg-A(MF,  coF)]q0  =  0 

where  B  is  the  sum  of  matrices  in  Prackets; 
Mg,  Kg,  and  A  are  the  generalized  mass, 
stiffness,  and  aerodynamic  matrices,  re- 
spectively, for  the  group  of  blades;  and  q0is 
the  generalized-coordinate  eigenvector. 

The  nontrivial  solutions  are  those  for 
which  the  determinant  D  of  0  is  zero.  Be- 
cause A(MF,  oF)  is  a  transcendental  func- 
tion of  the  assumed  mach  number  and  an- 
gular frequency,  Newton  iteration  can  be 
applied  to  bring  the  determinant  toward 
zero  as  follows: 


IA) 


(MF\      JMF\     _        JDR\ 
V  "f/Oc  +  DV^F/W  W 

where  DR  and  0,  are  the  real  and  imagi- 
nary parts,  respectively,  of  D;  the  sub- 
scripts k  and  k  +  1  denote  the  A-th  and 
k+  1st  iterations,  respectively;  and  Jk  is  the 
k\h  iteration  of  the  Jacobian  matrix 
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CONVENTI       AL  PROPFAN 
FLUTTER  ANALYSIS 


AUTOMATED  PROPFAN 
FLUTTER  ANALYSIS 


The  New  Iterative  Procedure  for  the  automated  analysis  of  flutter  in  propfans  is  compared 
with  the  conventional  double-loop  iterative  procedure. 
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The  evaluation  of  Jk  is  computationally 
expensive.  By  use  of  a  theorem  regarding 
the  traces  of 

j-ijfy 

*      3coc 
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"      3Mp  ouif 

the  Newton  iteration  is  converted  to  a 
formula  in  which  Jk  is  approximated  well 
enough  that  it  does  not  have  to  be  updated 
in  the  entire  range  of  convergence. 

The  iterative  procedure  is  summarized 
as  follows: 
1 .  Obtain  the  initial  estimates  iW^0)and  o)^ 


2.  Estimate  *£$■  and  |^  by  finite-difference 
approximations. 

3.  Compute  the  new  estimates  MF(!<+  ^and 
(Dat+  :)(k= 0,1,2, ...)  using  the  approxi- 
mate iteration  formula. 

4.  Test  for  convergence,  and  stop  if  the  cal- 
culation has  converged. 

5.  Increment  /((new)  =  /((previous)  +1. 

6.  Compute  updated  derivatives  ^  and  ^ 
by  an  approximate  formula. 

7.  Return  to  step  3. 

The  results  of  a  test  case  show  that  the 
procedure  converges  well.  The  procedure 
is  particularly  suitable  for  optimization  in 
design  because  as  the  optimal  design 
evolves,  the  flutter  solution  is  expected  to 
change  incrementally,  so  that  the  previous 


solution  provides  good  estimates  for  the 
start  of  the  current  solution. 

This  work  was  done  by  Durbha  V.  Murthy 
of  the  University  of  Toledo  for  Lewis  Re- 
search Center.  Further  information  may 
be  found  in  NASA  TM-100171 
[N87-28058],  Price  Code:  A02  "A  Com- 
putational Procedure  for  Automated 
Flutter  Analysis." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14742/TN. 
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Compliant  Prosthetic  or  Robotic  Joint 

Rotation  is  partly  free  and  partly  restrained  by  resilience  and  damping. 


A  rotating  joint  behaves  much  like  a 
knee,  knuckle,  or  hip-to-leg  joint:  it  can 
rotate  freely  through  a  limited  angle  in  one 
plane  and  is  resilient  at  the  limits  of  the 
range,  and  is  resilient  in  an  orthogonal 
plane  so  that  it  can  absorb  the  impact 
loads  that  occur  in  everyday  use.  The  joint 
can  be  used  in  a  prosthetic  device  to  re- 
place a  diseased  or  damaged  human  joint, 
or  in  a  robot  linkage  to  limit  movement  and 
cushion  overloads. 

The  joint  includes  U-shaped  x-  and 
y-axis  frames  joined  by  cables  that  cross  in 
at  a  center  piece  (see  figure).  The  y-axis 
frame  can  rotate  about  the  y-axis  on  a 
roller  bearing  within  a  predetermined  an- 
gular range;  an  arm  on  the  bearing  strikes 
a  stop  at  either  end  of  the  range.  The  y-axis 
frame  can  rotate  slightly  farther  when  the 
arm  strikes  a  stop,  because  the  cables  can 
twist.  This  mimics  the  compliant  resistance 
of  knee  joint  reaching  the  limit  of  its  for- 
ward or  backward  motion. 

End  grips  on  the  x-  and  y-axis  frames  are 
connected  to  skeletal  or  robotic  members. 
The  upper  end  grip  and  the  x-axis  frame 
can  rotate  through  a  small  angle  about  the 
x-axis  because  the  x-axis  cable  can  also 
twist.  This  is  not  free  rotation,  but  damped, 
compliant  rotation  like  that  of  the  y-axis 
frame  beyond  the  stops.  This  compliant 
rotation  is  like  the  sideways  movement  of  a 
knee. 

The  cables  are  made  of  independent-wire- 
rope  cable,  possibly  stainless  steel.  They 
are  joined  to  the  frames  and  center  block 
by  swaging.  The  degree  of  compliance  is 
determined  by  the  lengths,  diameters,  ma- 
terials, and  strandings  of  the  cables.  For  a 
robot  joint,  shear  stress  is  likely  to  be  large, 
requiring  thick,  strong  cables.  For  a  pros- 
thetic human  joint,  however,  loads  are  small, 
and  thinner  cables  can  be  used. 

For  a  human  prothesis,  the  geometry  of 
the  joint  can  be  adapted  to  the  local  anat- 
omy. In  a  knee,  for  example,  the  center 
piece  could  could  be  spherical,  and  the 
end  grips  could  be  rods  rather  than  plates. 
The  rods  could  be  fastened  by  threading  to 
fittings  in  the  leg  bones  or  by  slide-fitting 
them  into  the  bones. 


End  Grip 


Roller 
Bearing 


Centerpiece 


y-AxIs 
Frame 


End  Grip 


A  Kneelike  Joint  rotates  freely  through  a  limited  angular  range  around  the  y  axis.  At  the 
limits  of  the  range,  it  rotates  compliantly  through  an  additional  small  angle.  Similarly,  it  ro- 
tates compliantly  through  a  small  angle  around  the  x  axis. 


This  work  was  done  by  James  J.  Kerley 
of  Goddard  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Goddard  Space  Flight 
Center.  Refer  to  GSC-13153/TN. 


Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer:  Donald  S 
Friedman 
Mall  Code  702.1 
Greenbelt,  MD  20771 
(301)  286-6242 
Patent  Counsel: 
R  Dennis  Merchant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)  286-7351 
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Enclosed  Cutting-and-Polishing  Apparatus 

Solid,  liquid,  and  gaseous  materials  would  be  withdrawn  from  or  held  within  a  removable  liner. 


A  proposed  apparatus  would  cut  and 
polish  specimens  while  preventing  con- 
tamination of  the  outside  environment  or  of 
subsequent  specimens  processed  in  it. 
The  apparatus  is  designed  for  use  in  zero 
gravity  but  also  includes  features  that 
would  be  useful  in  the  cutting  and  polishing 
of  toxic  or  otherwise  hazardous  materials 
on  Earth. 

The  apparatus  would  include  a  remote 
manipulator  for  handling  specimens,  a  cut- 
ting and  polishing  wire,  inlets  for  gas  (air, 
nitrogen,  or  inert  gas)  and  liquid  (e.g.,  wa- 
ter), and  outlets  for  waste  liquid  and  gas.  A 
replaceable  plastic  liner  would  surround 
the  working  space  (see  figure). 

The  liner  would  contain  an  access  port 
for  introduction  and  removal  of  specimens, 
a  hydrophobic  particle  filter,  a  cutting-and- 
polishing  head,  and  the  inlet  and  outlet  con- 
nectors for  the  liquids  and  gases.  Pressure 
in  the  liner  would  keep  it  inflated  and  force 
the  gas  through  the  filter. 

Liquid  would  be  sprayed  onto  the  cutting 
wire  to  provide  lubrication  and  cooling  and 
to  remove  particles.  The  flowing  gas  would 
entrain  droplets  of  water  and  particles,  car- 
rying them  to  a  centrifugal  phase  separa- 
tor. The  liquid  thus  recovered  would  be  fil- 
tered and  reused. 

From  outside  the  liner,  a  magnetic  cou- 
pling would  drive  both  the  cutting-and-pol- 
ishing  head  and  a  pulley  that  would  drive 
the  cutting  wire.  During  cutting  and  polish- 
ing, a  cylindrical  collar  would  hold  the 
specimen.  A  bladder  inside  the  collar 
would  inflate  to  secure  the  specimen  for 
processing  without  damaging  it.  Thus  held, 
the  specimen  could  be  positioned  by  the 
remote  manipulator  without  being  harmed. 

After  the  specimen  is  processed,  it 
could  be  removed  from  the  machine  through 
a  bag  assembly  that  would  be  attached  to 
the  access  port.  The  bag  would  prevent  the 
contents  of  the  liner  from  entering  the  out- 
side atmosphere.  The  liner  and  its  con- 
tents—  including  the  cutting-and-polish- 
ing  head  —  would  then  be  removed  and 
replaced  by  a  fresh  liner. 

This  work  was  done  by  ft  N.  Flossier  and 


B.  Bicknell  of  Martin  Marietta  Corp.  for 
Marshall  Space  Right  Center.  No  fur- 
ther documentation  is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28393/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 
Officer:  Ismail  Akbay 
Code  AT01 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 


Marshall  Space  Flight  Marshall  Space  Flight 
Center,  Center, 

AL  35812  AL  35812 

(205)  544-2223  (205)  544-0024 
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A  Removable  Liner  Would  Surround  the  workspace.  The  liner  would  include  a  glovelike  por- 
tion that  would  provide  access  for  a  remote  manipulator. 
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Perpendicular-Force  Latch 

Installation  and  removal  of  equipment  modules  are  simplified. 


A  latching  mechanism  simultaneously 
applies  force  in  two  perpendicular  direc- 
tions to  install  or  remove  electronic- 
equipment  modules.  The  mechanism  (see 
Figure  1 )  requires  only  the  simple  motion  of 
a  handle  to  push  or  pull  an  avionic  module 
to  insert  or  withdraw  connectors  on  its  rear 
face  into  or  from  spring-loaded  mating  con- 
nectors on  a  panel  and  to  force  the  box 
downward  onto  or  release  the  box  from  a 
mating  cold  plate  that  is  part  of  the  panel 
assembly.  The  concept  is  also  adaptable  to 
hydraulic,  pneumatic,  and  mechanical  sys- 
tems. Mechanisms  of  this  type  can  be 
used  to  simplify  the  installation  and  remov- 
al of  modular  equipment  where  movement 
is  restricted  by  protective  clothing  as  in 
hazardous  environments  or  where  the  in- 
stallation and  removal  are  to  be  performed 
by  robots  or  remote  manipulators. 

Figure  2  shows  an  installation  se- 
quence. In  step  1,  the  handle  has  been  in- 
stalled on  the  handle  cam  and  turned 
downward.  In  step  2,  the  technician  or 
robot  pushes  the  box  rearward  as  slides  at- 
tached to  the  rails  enter  grooves  near  the 
bottom  of  the  box.  In  step  3,  as  the  box  con- 
tinues to  move  to  the  rear,  the  handle  cam 
automatically  aligns  with  the  slot  in  the  rail 
and  engages  the  rail  roller. 

In  step  4,  the  handle  is  rotated  upward 
75°,  forcing  the  box  rearward  to  mate  with 
the  electrical  connectors.  In  step  5,  the 
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Figure  1.  An  Avionics  Box  mates  with  electrical  connectors  in  the  rear  and  is  locked  in  posi- 
tion on  the  cold  plate  when  installed  with  the  latching  mechanism. 


handle  is  pushed  upward  an  additional  15°, 
locking  the  handle  cam  and  the  slide.  In 
step  6,  the  handle  is  rotated  an  additional 
30°,  forcing  the  box  and  the  mating  spring- 
loaded  electrical  connectors  downward  so 
that  the  box  engages  the  locking  pin  and 
becomes  clamped  to  the  cold  plate.  The 


sequence  for  removal  is  identical  except 
that  the  motions  are  reversed. 

This  work  was  done  by  John  P.  Mattel, 
Peter  A.  Buck,  and  Michael  D.  Williams 
of   Rockwell    International    Corp.    for 
Johnson  Space  Center. 
MSC-21406/TN 
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Retention 
Cam 


Male  Electrical 
Connector 


STEP1 


Hole  for  Locking  Pin 
STEP  2 


STEP  3 


STEP  4 


Aft  Slide  Roller 


STEP  5 


STEPS 


Figure  2.  This  Installation  Sequence  shows  the  positions  of  the  handle  and  retention  cams 
as  the  box  is  moved  rearward  and  downward. 


fWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Langley  Research  Center,  Hampton,  Virginia 


Licensing 
Opportunity 


Graphite/Thermoplastic-Pultrusion  Die 

An  attachment  to  an  extruder  produces  thermoplastic-impregnated  graphite  tape. 


The  thermoplastic-pultrusion  die  pro- 
duces a  hot-melt  thermoplastic-impregnat- 
ed graphite  prepreg  tape  for  subsequent 
use  in  lamination  or  molding.  It  consists  of 
a  profile  die,  a  fiber/resin  collimator,  and  a 
crosshead  die  body.  The  die  is  designed  to 
be  attached  to  a  commercially  available 
extrusion  machine  capable  of  extruding 
high-performance  thermoplastics.  The  die 
is  attached  to  the  extruder  similarly  to  a 
crosshead  extrusion  die;  i.e.,  with  the 
central  axis  of  the  die  perpendicular  to  the 
central  axis  of  the  extruder  barrel.  The  ex- 
trusion machine  is  used  to  heat  the  ther- 
moplastic to  its  molten  state  and  to  extrude 
or  inject  the  thermoplastic  resin  into  the 
pultrusion  die  with  some  pressure. 

The  pultrusion  die  performs  a  variety  of 
sequential  processing  functions  while  mul- 
tiple tows  of  high-modulus  graphite  fiber 
are  pulled  continuously  through  its  cham- 
ber, and  a  molten  thermoplastic  resin  is 
simultaneously  injected  into  its  impregna- 


tion section.  The  die  spreads  and  colli- 
mates  the  graphite  fiber  tows  to  form  a  thin 
ply  as  the  tows  enter  the  die.  It  heats  the 
graphite  fiber  to  the  temperature  of  the 
molten  thermoplastic  as  the  graphite 
travels  from  the  entrance  of  the  die  to  the 
thermoplastic-impregnation  section.  The 
die  impregnates  the  fiber  with  the  molten 
resin,  consolidating  and  compacting  the 
impregnated  fiber  and  metering  the  resin. 
Finally,  it  cools  the  composite  to  below  the 
glass-transition  temperature  of  the  thermo- 
plastic before  the  material  leaves  the  die. 
The  composite  thus  produced  is  a  thin, 
one-ply,  uniaxial  sheet  that  can  be  coiled  on 
a  spool  and  stored  for  further  laminating 
and  molding. 

This  simple  attachment  to  a  commercial 
extruder  should  enable  developers  of  com- 
posites to  begin  experimenting  with  large 
numbers  of  proprietary  resins,  fibers,  and 
hybrid  composite  structures.  No  longer  will 
they  be  limited  to  such  combinations  as 


graph ite/epoxy.  With  this  device,  almost 
any  possible  fiber/resin  combination  can 
be  fabricated. 

This  work  was  done  by  Maywood  L 
Wilson,  Mark  W.  Frye,  Gary  S.  Johnson, 
and  Clarence  E.  Stanfield  of  Langley 
Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13719/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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(VIASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Physics  of  Variable-Polarity 
Plasma  Arc  Welding 

Even  small  amounts  of 
oxygen  cause  damage 
in  welds. 

A  report  describes  an  experimental 
study  of  some  of  the  physical  and  chemical 
effects  that  occur  during  variable-polarity 
plasma  arc  (VPPA)  keyhole  welding  of  2219 
aluminum  alloy.  The  study  was  motivated 
by  the  need  to  gain  understanding  of  the 
VPPA  keyhole  and  weld  pool,  because  the 
flows  of  heat  and  molten  metal  fix  the 
microstructure  and  properties  in  the  weld 
composite  region  and  because  the  flow  in 
the  pool  and  static  forces  on  the  pool  deter- 
mine the  ultimate  structure  of  the  weld 
bead. 

The  study  comprised  three  major  pro- 
grams: (1)  determination  of  the  effects  of 
chemical  additions  (i.e.,  impurities)  on  the 
structure  and  shape  of  the  bead  and  key- 
hole; (2)  determination  of  the  flow  in  re- 
gions surrounding  the  keyhole;  and  (3)  de- 
velopment of  an  analog  that  can  be  used 
easily  to  study  the  flow  in  the  keyhole  re- 
gion. 

In  the  first  program,  parts  of  A  2219 
plates  were  coated  with  chemicals  (mostly 
oxides,  halides,  and  sulfates)  prior  to 
welding.  Each  plate  was  welded  in  the  ver- 
tical orientation  while  a  view  of  its  back  side 
was  recorded  by  a  video  system  in  an  ef- 


fort to  discern  flow  in  the  weld  pool.  The 
welding  operation  was  terminated  abruptly 
to  obtain  a  "fossil"  record  of  the  keyhole. 
Then  the  size  and  shape  of  the  keyhole,  the 
asymmetry  of  the  weld  bead,  the  depth  of 
undercut  or  grooving  at  the  toe  of  the  weld 
on  the  anterior  surface,  and  the  sag  on  the 
posterior  surface  were  measured. 

In  the  second  program,  A  2219  plates 
were  welded  as  in  the  first  program.  How- 
ever, in  addition  to  (and  occasionally  in 
place  of)  Al  2319  filler  wire,  pure  copper 
and  nickel-alloy  wires  were  inserted  im- 
mediately before  termination  of  the  arc. 
The  copper  and  nickel  alloy  both  have 
melting  temperatures  higher  than  that  of 
the  A  2219,  and  it  was  hoped  that  solidified 
globules  of  these  materials  would  be  swept 
along  in  the  flows  of  molten  metal.  The  dis- 
tributions of  the  globules  as  seen  in  longitu- 
dinal and  transverse  sections  of  the  termi- 
nal keyholes  were  used  to  determine  the 
shapes  of  the  weld  pools. 

In  the  third  program,  it  was  found  that 
paraffin  had  the  required  low  melting  point, 
ease  and  safety  of  handling,  verisimilitude 
to  the  hierarchy  of  forces  (surface  tension 
and  gravitational/buoyant  effects  driving 


convection),  and  transparency  in  the  liquid 
state,  which  facilitates  observation.  The 
paraffin  analog  specimens  were  welded  by 
jets  of  hot  argon. 

The  results  of  these  experiments  indi- 
cated the  following  (among  other)  conclu- 
sions: 

•  Oxygen,  even  in  the  small  amounts  due  to 
contamination,  moisture,  or  leakage  of  air 
into  gas-supply  hoses,  can  disrupt  the  sta- 
ble keyhole  and  weld  pool. 

•The  Marangoni  effect  (flow  driven  by  gra- 
dients in  the  surface  tension)  dominates 
flow  in  the  molten  metal  around  the  key- 
hole. 

•  The  solidified  keyhole  does  not  have  the 
true  shape  of  the  keyhole  during  the  weld- 
ing process. 

This  work  was  done  by  Daniel  W. 
Walsh  and  Arthur  C.  Nunes,  Jr.,  of  the 
University  of  Alabama  for  Marshall 
Space  Flight  Center.  "Examination  of 
the  Physical  Processes  Associated  With 
the  Keyhole  Region  of  Variable  Polarity 
Plasma  Arc  Welds  in  Aluminum  Alloy 
2219." 
MFS-27207/TN 
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Technology  Fact  Sheet 

U.S.  Air  Force 


Environmental  Stress  Screening  (ESS) 


SYNOPSIS: 

Stress  screening  is  a  process  intended  to  find  and  eliminate 
defects  during  the  manufacturing  or  repair  cycle.  ESS  is 
applicable  to  all  levels  of  electronic  assemblies.  The  screening 
applies  environmental  conditions  which  accelerate  the  surfacing  of 
defects  that  would  otherwise  surface  in  field  operations.  The 
environmental  conditions  are  generally  thermal  and  broadband 
quasi-random  vibration  but  can  include  conditions  such  as  altitude 
and  humidity.  An  ESS  process  must  be  tailored  and  thus  is  unique  to 
the  product  being  screened  and  to  the  people  and  machines  producing 
the  product,  (continued  on  reverse  side) 


FAILURES 


TIME    (YEARS) 

•  MORE  PERFORMANCE  FROM  FCLOEO  FTEMS 

•  LESS  COST  TO  CORRECT  DEFECTS 


APPLICATIONS: 

Fielded:  AN/ARN-84  TACAN 

AN/UYK-20(V)  Computer  ESS  BEHEFITS 

SA-ALC  organic  repair  of  the  F100  Engine  Electronic  Control  (EEC) 
WR-ALC  Component  Screening  Center  -  nearly  500,000  piece  parts  yearly 

AIR  FORCE  R&M  2QOO  GOAL  HIGHLIGHTS: 

Increase  Combat  Capability:  AR/ARN  84  TACAN  had  tenfold  increase  in  MTBF 

Decrease  Manpower  Requirements:  Lower  RTOK  rate  on  F100  EEC  reduces  field  maintenance  actions 

Decrease  Costs:  Reduce  costly  field  repair 

DENE FITS/ DRAWBACKS: 


ESS  has  lowered  the  cost  of  fielding  a  system  by  surfacing  latent  parts  and  workmanship  defects  at  the  lowest  assenbly 
level.  Estimates  of  typical  costs  to  detect  and  remove  defects  are  up  to  SIS, 000  if  found  at  field  level.  In  the 
factory,  estimates  are  SI, 500  at  the  system  level,  S500  at  LRU  level,  S50  at  circuit  card,  and  approximately  SI  if 
found  at  the  piece-part  level.  ESS  allows  defects  to  be  found  and  corrected  early,  when  corrective  action  costs  are  low 
(see  figure). 

Although   general  guidelines  are  available,  a   cookbook  for  the  screening  process   does  not  exist.   ESS 

identifies  failures  caused  by  weak  parts  and/or  poor  workmanship  in  the  factory  or  repair  facility.  Can-not-duplicate 

(CND)  and  Retest-OK  (RTOK)  result  when  failures  identified  in  actual  use  don't  occur  during  subsequent  bench  test(s)  at 

the  depot.  Use  of  ESS  stimulates  latent  defects  and  allows  depot  personnel  to  (continued  on  reverse  side) 

DOCUMENTATION : 


DOD  Handbook  144,  USAF  Environmental  Stress  Screening  of  Electronical  Components;  SM-ALC  ESS  Handbook,  June  88, 
published  by  SM  ALC/MMEAR;  USAF  R&M  2000  Process  Book,  2st  Edition  Jul  88,  Appendix  B,  published  by  HQ  USAF/LE  RD; 
HAVMAT  P-9492,  Manufacturing  Screening  Program,  Descreening  Corp  Cost,  May  79 
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SYNOPSIS r     (continued) 

The  process  must  be  flexible  and  able  to  respond  to  changing  defect  populations  and  is  not  directly  related  to  the 
field,  qualification,  or  environmental  testing  for  acceptance.  The  only  relationship  between  a  stress  screening  and  the 
operational  environment  is  that  defects  which  would  show  up  in  operational  use  should  be  exposed  by  the  stress  screening 
process.  Simulation  of  the  field  environment  would  use  up  one  lifetime  worth  of  wear  and  tear.  It  should  be 
noted  that  an  over-vigorous  screening  could  degrade  operational  product  reliability  (which  must  be  built  in;  it 
cannot  be  screened  in).  For  these  reasons,  ESS  combines  selected  stimuli  to  stimulate  defects  to  a  detectable  level 
rather  than  to  simulate  actual  environment.  When  extremely  high  reliability  is  desired,  such  as  on  NASA  projects  which 
involve  placing  people  not  space,  stress  screeing  is  used  to  attain  the  high  MTBF  goal  by  elimination  of  infant 
mortality.  See  the  document  section  on  the  front  side  of  this  TechTIP  for  information  on  guides  that  outline  the  ESS 
process. 

BENEFITS/DRAWBACKS;      (continued) 

Identify  and  diagnose  these  failures  by  monitoring  the  item 
during  the  ESS  process.  Just  by  using  an  expanded  cold 
test  range  in  ESS,  SA-ALC  reduced  the  RTOK  rate  for  the 
Engine  Electronic  Control  (see  picture)  for  the  F100  engine 
from  501  to  33%.  The  AF  Thunderbirds  require  that  all  EECs 
used  in  their  aircraft  be  environmentally  screened.  The 
process  can,  however,  have  high  capital  cost.  Investment  in 
ESS  chambers  and  vibration  equipment  at  SA-ALC  cost  nearly 
$100,000.  The  process  can  lengthen  the  total  test  tine  for 
an  item.  ESS  at  SA-ALC  has  increased  depot  time  to  repair 
the  F100  EEC  by  12  hours,  from  88  to  100  hours.  The  drop 
in  number  of  reworks,  field  failures,  and  RTOKs  have  more 
than  compensated  for  these  drawbacks. 


The  AN/ARN-84  TACAN  unit  experienced  a  tenfold  improvement  in  fielded  MTBF  -  from  200  to  2,000  hours  -  following  the 
introduction  of  effective  ESS  in  the  production  process.  The  AN/UYK-20(V)  computer  showed  a  similar  improvement,  from 
1,150  to  9,500  hours  MTBF. 

A  study  on  a  missile  system  indicated  if  600  are  required  to  be  operational,  the  requirement  for  the  number  of 
missiles  on  station  could  be  reduced  from  1176  to  938  if  "full  ESS  screen"  was  conducted  on  the  missiles;  a  tremendous 
decrease  in  mobility  requirements. 


TECHNOLOGY     CONTACTS: 

Office:  SM-ALC/MMEAR,  McClellan  AFB,  CA  95652 
Dr  Patrick  Larter,  ESS  Program  Manager 
AUTOV0N:  633-5197 
Comm:  ( 916) -643-5197 

Office:  WR-ALC/MMER,  Robins  AFB,  GA  31098 
Lt  Drew  Karnick,  AFLC  TAPM  for  ESS 
AUT0V0N:  468-6617 
Comm:   (912)  926-6617 


USER    CONTACTS: 

WR-ALC/MAIPCD,  Robins  AFB,  CA  31098 

Mr  Bill  Boisclair,  Component  Screening  Facility 

468-5328 

(912)  926-6617 

Office:  SA-ALC/MMFRE,  Kelly  AFB,  TX  78241 

Mr  David  Ernst,  F100  Electrical  System  Engineer 
AUT0V0N:  945-6481 

COMM:   (512)  925-6481 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFC0LR/TT).      Determining  the  feasibility  of  using 
this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system  requirements 
and  the  capabilities  provided  by  the  technology.      For  further  information  on  the  subject 
technology,  please  contact  the  listed  organizations.    Comments  or  questions  about  the  Technology 
Transfusion  Program  are  welcomed  and  should  be  addressed  to    "TechTIP",    AFCOLR/TT, 
Wright-Patterson  AFB  OH  45433-5000  or  call  AuTOVON  785-1606,  Commercial  (513)  255-1606. 
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National  Aeronautics  and 
Space  Administration 


NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Dynamic  Torque  Calibration  Unit 

Unit  offers  precision  torque  measurement  for  rotary  components. 


A  proposed  dynamic  torque  calibration 
unit  (DTCU)  would  measure  the  torque  in 
rotary  actuator  components  such  as  mo- 
tors, bearings,  gear  trains,  and  flex  coup- 
lings. The  DTCU  would  be  unique  because 
it  is  designed  specifically  for  testing  com- 
ponents under  the  low  rates  typically  found 
in  precision  pointing  applications.  The 
DTCU  would  drive  mechanisms  at  con- 
stant rates  or  in  oscillation  at  rates  up  to  8 
rad/s,  with  0.5-percent  rate  stability. 
Torques  up  to  100  Ib-in  (11  N-m)  would  be 
measured  to  within  0.002  Ib-in.  (2.2  xO-4 
N-m),  at  frequencies  up  to  5  kHz. 

The  DTCU  (see  Figure  1)  would  include 
a  rate  table  and  the  device  under  test, 
which  would  be  driven  by  the  rate  table 
through  a  custom-fitted  fixture.  The  rate 
table  would  include  two  subsystems:  (1)  a 
brushless  dc  motor  and  its  controller  and 
(2)  a  torque  sensor  and  associated  data- 
acquisition  equipment,  as  shown  in  Figure 
2.  The  rate  table  would  drive  the  device 
under  test  at  constant  speed  or  in  oscilla- 
tion, depending  upon  which  parameters 
are  to  be  measured.  For  example,  the  cog- 
ging, back  electromotive  force,  ripple,  and 
drag  of  a  motor  would  be  measured  at  con- 
stant speed,  while  certain  frictional  pa- 
rameters of  bearings  would  be  measured 
in  ramp  or  sinusoidal  oscillation  about  a 
particular  angle. 

The  brushless  dc  motor  in  the  rate  table 
would  be  commutated  in  response  to  the 
angular-position  signal  of  an  angle  resolver, 
the  phase  of  the  output  of  which  is  propor- 
tional to  the  shaft  angle.  The  motor  con- 
troller would  be  an  analog  proportional/in- 
tegral/derivative circuit  for  high-bandwidth 
performance  without  the  complexity  of 
digital  control.  The  rate  or  position  mode 
would  be  selectable.  Within  these  modes, 
rate  and  position  commands  would  be 
selected  digitally  and  converted  to  analog 
to  assure  repeatability  of  tests. 

The  torque  sensor  would  be  a  piezo- 
electric dynamometer  The  output  of  the 
sensor  would  be  recorded  and  analyzed 
either  by  a  computer  with  data-acquisition 
hardware  and  software  or  by  a  spectrum 
analyzer. 


Bearing  or  Other 

Device  Under 

Test 


Data-Acquisition 
Equipment 


Rate 
Command 


Fixed 
Position 
Command 

+ 

+ 

Ramp  or 
Sinusoidal 

Position 
Command 

Figure  1.  The  Dynamic  Torque-Calibration  Unit  would  measure  the  torque  in  the  device 
under  test  during  controlled  steady  rotation  or  oscillation. 


Duplex  Bearing  Pair 
Under  Test 


Custom  Fixture 
Required  for  Each 
Device  Under  Test 


Brushless  Motor 
Under  Test 


Coupling 


Magnetic      L. 
Shield 


Figure  2.  The  Mechanical  Components  of  the  Rate  Table  are  shown  in  more  detail.  The  rotor 
would  be  oriented  vertically,  supported  by  an  upper  angular-contact  bearing  and  a  lower 
radial-contact  bearing  that  would  float  axlally  to  prevent  thermal  expansion  from  loading  the 
bearings.  A  high-load  capacity  air  bearing  would  be  available  to  replace  the  ball  bearings 
when  higher  load  capacity  or  a  reduction  in  rate  noise  Is  required. 


This  work  was  done  by  Michael  L. 
Agronin  and  Carl  A.  Marchetto  of  Caltech 


(or  NASA's  Jet  Propulsion  Laboratory 

NPO-17509/TN 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Magnetically-Guided  Penetrant  Applicator 

A  small  wheeled  vehicle  is  moved  inside  a  nonmagnetic  enclosure. 


Spring-Loaded 
Clamp 


Foam-Rubber 

Applicator  Pad 

Hides  Cobalt 

Magnets  In  Vehicle 

Polytetrafluoroethylene 

Pad  on  Top  Surface  of 

Magnets  for  Easy  Sliding 


Cobalt  Magnets  That 

Are  Used  Outside  and 

Interlock  Magnetically 

With  Magnets  In  Vehicle 


Vehicle  Responds  to  All  Movements  Made 
Outside  With  Matching  Magnet  Pad 


A  Miniature  Magnetically  Guided  Truck  uses  foam-rubber  sponge  pads  to  apply  penetrant  fluid  for  inspection  of  welds  in  hidden  surfaces  of 
nonmagnetic  tubes. 


A  small,  magnetically-controlled,  wheeled 
vehicle  (see  figure)  carries  a  replaceable 
foam-rubber  pad  to  apply  penetrant  in- 
spection fluid,  developer,  or  etchant  to 
welds  on  hidden  surfaces  of  nonmagnetic 
tubes  or  other  enclosures.  The  surfaces 
thus  coated  can  then  be  inspected  through 
borescopes  to  evaluate  the  qualities  of  the 
welds. 

Strong  cobalt  magnets  are  mounted  in 
the  vehicle  behind  (usually,  above)  the 
sponge  pad  in  the  vehicle.  The  vehicle  is 


guided  by  moving  a  similar  set  of  magnets 
along  the  weld  line  on  the  outside  of  the 
enclosure.  The  magnets  can  control  the 
vehicle  through  up  to  Vi-in.  (6-mm)  and 
perhaps  as  much  as  1/2-in.  (13-mm)  thick 
walls.  The  risk  of  explosion  is  less  than  it 
would  be  if  an  electric  motor  were  used  to 
drive  the  vehicle. 

The  vehicle  is  relatively  inexpensive  to 
make  and  could  be  made  in  a  range  of 
sizes.  In  the  prototype,  the  wheels  are 
made  of  polytetrafluoroethylene,  and  each 


is  suspended  independently  to  make  the 
sponge  pad  maintain  even  contact  with  the 
surface.  Spring-loaded  clamps  hold  the 
sponge  pad  in  place.  A  dry  sponge  pad  can 
be  used  to  mop  up  excess  applied  fluid. 

This  work  was  done  by  Orlando  G. 
Molina  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center.  No  fur- 
ther documentation  is  available. 
MFS-29358/TN 
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Printed-Circuit  Tape  Measures  for  X-Ray  Inspections 

A  known  pattern  is  impressed  on  the  x-ray  image  for  reference. 


Tapes  made  by  flexible-printed-circuit 
technology  would  provide  identification 
and  position  references  for  x-ray  images  of 
weld  joints.  The  proposed  tapes  would 
consist  of  etched  copper  patterns  on  flexi- 
ble substrates.  Typically,  a  tape  would  be 
placed  on  the  part  to  be  inspected,  on  the 
side  facing  the  x-ray  source  (see  figure). 
Laid  along  a  lengthy  butt  weld,  for  example, 
the  tape  would  result  in  an  x-ray  image  of 
its  copper  pattern  on  a  continuous  strip  of 
70-millimeter  film  as  the  weld  was  scanned 
by  an  x-ray  source. 

The  recorded  pattern  would  serve  as  a 
position  reference  for  a  report  on  the  x-ray 
inspection,  for  reworking  the  weld  if  neces- 
sary, and  for  reinspecting  it.  It  would  furnish 
landmarks  for  digitally  stored  images,  en- 
suring frame-to-frame  continuity.  By  use  of 
double-sided  and/or  stepped-thickness 
copper  patterns,  tapes  could  provide  gray- 
scale references  so  that  corrections  could 
be  made  for  variations  of  intensity  in  x-ray 
beams,  and  some  of  the  minimum  para- 
meters of  flaws  in  welds  could  be  calibrat- 
ed. Distance  marks  would  enable  the  pre- 
cise up-  or  down-scaling  of  images  and 
correction  for  the  various  aspect  ratios  of 
cameras,  scanners,  and  displays. 

The  substrate  of  the  tape  would  be  Kap- 
ton  (or  equivalent)  polyimide.  X-ray-absorb- 
ing copper  would  be  plated  on  it  in  any  of 
a  variety  of  patterns.  For  example,  num- 
bered patterns  in  increments  of  length 
could  be  deposited  so  that  human  inspec- 
tors could  read  the  marks  directly.  Such 
machine-readable  patterns  as  bar  codes 
could  also  be  deposited. 

This  work  was  done  by  John  E. 
Sullivan,  Jr.,  of  Martin  Marietta  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries   concerning   rights   for  the 
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Source 
'  of  X  Rays 


X-Ray  Beam 


Tape  Measure 
Laid  Over  Weld 


X-Ray 
Film 


X  Rays  Would  Record  the  pattern  of  the  tape  on  the  film  beneath  butt-welded  panels.  The 
pattern  would  become  a  convenient  reference  for  analysis  and  digitization  of  the  x-ray  im- 
age. 


commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28388/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D   Wotford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center. 
AL  35812 
(205)  544-0024 
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0441  Improved  Transparent  Furnace  for  Crystal-Growth  Experiments — A  very 
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0443      Tensile  Film  Clamps  and  Mounting  Block  for  Viscoelastometers- 
Samples  are  gripped  uniformly  and  reproducibly.  (Licensing 
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0428     Graphite/Thermoplastic-Pultrusion  Die — An  attachment  to  an  extruder 
produces  thermoplastic-impregnated  graphite  tape.  (Licensing 

Opportunity) 


U.S.  Air  Force  Fact  Sheet 


Ceramic  Armor 


While  the  concept  of  ceramic  armor  has  been  studied  for  about 
20  years,  there  has  been  a  recent  resurgence  in  interest.  This  article 
covers  two  summary  reports  from  opposite  perspectives  -  basic  re- 
search and  field  applications. 

COMPUTER  MODELING 

The  University  of  Dayton  Research  Institute  has  summarized 
their  extensive  literature  review  on  computer  modeling  of  impact 
damage.  In  the  authors'  view  an  accurate  description  of  deforma- 
tion and  failure  mechanisms  of  ceramics  under  impact  loading 
conditions  is  a  key  requirement  for  model  development.  They  make 
a  distinction  between  macro-mechanisms  (those  visible  to  the  naked 
eye,  such  as  a  spall  and  fragmentation)  and  micro-mechanisms  (in- 
cluding plastic  tlow  and  damage  accumulation  by  the  formation  and 
growth  of  microcracks).  They  also  point  out  that  the  term  "plastic" 
has  been  used  in  two  different  ways:  on  the  macro  scale  it  has  been 
used  to  describe  any  non-linearity  in  stress/strain  behavior,  while  on 
the  micro  scale  the  term  is  limited  to  the  classic  sense  of  distortion 
caused  by  shear  deformation,  as  distinct  from  dilation  or  fracture. 
While  some  limited  evidence  of  classic  plasticity  has  been  found  in 
slowly-loaded  glass  and  ceramics  via  microscopic  detection  of  crystal 
dislocations,  there  is  no  direct  evidence  that  it  plays  a  role  in  impact 
processes,  because  the  sophisticated  recovery  techniques  of  target 
material  that  are  required  are  only  now  being  developed. 

Impact  Experiments 

The  computer  models  discussed  in  this  report  require  descrip- 
tions of  material  behavior  on  the  micro  scale.  Since  high-rate  prop- 
erties cannot  be  predicted,  the  report  first  covers  measurement 
techniques. 

Flyer  plate  impact  (plate  slap)  is  the  most  common  technique  to 
measure  the  maximum  stress  for  elastic  deformation  in  dynamic 
compression,  the  Hugoniot  elastic  limit  (HEL).  Above  this  stress 
microcrack  formation  and  growth  (damage)  occurs.  Early  experi- 
ments showed  that  the  HEL  of  ceramics  is  two  to  three  times  the 
static  compressive  strength.  More  recent  flyer-plate-impact-on-rod 
experiments  confirm  the  existence  of  the  strength  increase  for 
alumina.  An  additional  effect  of  high  rate  compression  is  that  once 
a  ceramic  has  exceeded  its  HEL.  its  spall  strength  is  dramatically 
reduced. 

Plate  slap  tests  have  also  been  used  to  quantify  damage.  In 
studies  using  AD85  alumina,  the  tensile  strength  of  the  ceramic  was 
assumed  to  obey  the  following  relation: 


Y  =  Y0(l  +m  lne')(l  -  D) 


Mi 


where  Y  is  the  dynamic  tensile  strength.  Y0  is  the  statcic  tensile 
strength,  m  is  the  strain  rate  sensitivity,  e'  is  the  strain  rate,  and  D  is 
the  damage  parameter.  While  m  is  a  constant,  D  is  a  variable  which 
increases  as  the  material  becomes  increasingly  more  damaged  as  time 
proceeds.  Values  of  m  and  D  were  chosen  to  match  the  output  of 
the  plate-slap  experiment. 

In  the  Split  Hopkinson  Bar  experiment  the  test  specimen  is 
placed  between  two  long  bars.  A  third  bar  strikes  this  assembly  on 
one  end,  setting  up  stress  waves  which  are  transmitted  to  the  speci- 
men    Conventional  tests  on  both  silicon  carbide  and  alumina  show 


a  modest  increase  in  strength  with  increasing  strain  rate  up  to  about 
lfj2  to  1CP  sec'l;  the  Hopkinson  bar  data  show  a  sharp  increase  in 
strength  from  this  range  up  to  the  highest  rates  studied  (5  x  1CP  to 
1  x  lO1*  sec'l).  The  largest  strengths  are  about  1.5  to  2.5  times  the 
static  values,  which  is  at  the  low  end  of  the  comparable  ratio  for 
plate  slap  tests. 

Because  plate  slap  and  Hopkinson  bar  tests  do  not  measure 
either  shear  strength  or  properties  of  damaged  materials,  advanced 
techniques  are  needed.  The  authors  point  out  that  oblique  plate 
impact,  in  which  the  broad  faces  of  both  the  flyer  and  the  target 
are  at  an  angle  to  the  flyer  trajectory,  has  been  used  on  metals  but 
not  yet  on  ceramics.  In  the  double-flyer-plate  procedure,  two  flyer 
plates  are  separated  by  a  small  air  gap.  Only  a  few  experiments  have 
been  reported  using  this  arrangement  and  no  general  conclusions 
have  been  reached. 

Constitutive  Models 

Five  distinct  approaches  to  the  mathematical  description  of 
material  behavior  under  impact  loading  are  outlined.  All  approaches 
involve  defining  stress/strain  behavior  and  all  complete  approaches 
include  a  failure  criterion.  In  computer  modeling,  the  equations 
resulting  from  the  selected  approach  are  applied  to  many  locations 
within  the  ceramic  over  a  range  of  times.  When  a  region  fails  and  is 
no  longer  able  to  support  load,  it  is  obliterated  from  the  model. 
Characteristics  of  the  different  approaches  are: 

1.  Ceramic  behavior  is  assumed  to  be  Linear  elastic  and  failure 
occurs  when  some  value  of  stress,  strain,  strain  energy,  etc., 
is  reached  locally. 

2.  Ceramic  behavior  under  impact  is  assumed  to  be  elastic/ 
plastic,  with  the  material  being  able  to  deform  extensively 
once  a  critical  combination  of  stresses  is  reached. 

3.  Fracture  mechanics  aspects  of  crack  formation  and  growth 
are  emphasized. 

4.  Statistical  aspects  of  deformation  and  fracture  are 
emphasized. 

5.  Ceramic  behavior  is  described  by  continuum  damage 
mechanics.  In  this  approach  material  degradation  under 
load  is  described  by  a  quantity  (usually  designated  D). 
which  generally  reflects  the  local  density  and  size  of  micro- 
cracks.  However,  D  can  also  be  an  empirical  function  of 
stress,  strain,  strain  rate,  etc. 

The  report  points  out  that  the  current  models  often  employ  more 
than  one  of  these  approaches  and  then  turns  to  detailed  descrip- 
tions of  several  models. 

Despite  its  simplicity,  the  linear  clastic  approach  has  been 
found  to  be  useful  for  preliminary  evaluation  of  new  engineering 
design  concepts.  While  the  report  claims  that  plasticity-based 
models  are  an  improvement,  the  authors  do  not  cite  quantitative 
evidence  as  to  the  degree  of  improvement.  Nor  is  a  plasticity 
approach  appealing  in  light  of  the  absence  of  evidence  for  large- 
scale  deformation  in  ceramics  subjected  to  impact.  Other  simple 
models  aim  to  predict  fragmentation  sizes,  but  need  to  be  aug- 
mented to  predict  phenomena  such  as  ballistic  penetration,  since 
these  models  do  not  describe  compressive  failure  modes.  The  report 
points  out  that  simple  compressive-failure  equations  have  been 
developed   and  can   be   incorporated  into  computer  programs.     In 
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particular,  these  compressive-failure  criteria  focus  on  the  important 
role  of  confining  pressure  in  increasing  ceramic  strength. 

The  report  then  provides  a  detailed  description  of  fracture- 
mechanics  based  models,  since  failure  of  ceramics  involves  nuclea- 
tion  and  growth  of  microcracks.  It  evaluates  a  number  of  models 
with  respect  to  how  they  deal  with  elastic  moduli  of  cracked  bodies, 
the  definition  of  damage  (the  D  parameter),  the  distribution  of 
microcracks  and  the  laws  governing  their  growth,  and  the  failure 
criterion.  Overall  advantages  of  the  various  models  are  given  but 
none  is  rated  clearly  superior  for  ballistic  penetration  analyses. 

Penetration  Analysis 

The  report  notes  that  a  large  amount  of  recent  research  on 
ballistic  evaluation  of  ceramics  remains  unpublished  and/or  clas- 
sified. It  cites  open-literature  experiments  which  find  that  confined 
ceramic  plates  are  superior  to  metals  at  penetration  velocities  over 
250  m/s  (76  ft/sec)  and  that  actual  fragmentation  of  the  ceramic 
consumes  a  negligible  amount  of  the  penetration  energy  when  com- 
pared to  that  used  up  in  erosion. 

Computer  analyses  are  performed  using  computer  codes  which 
can  incorporate  stress  wave  propagation  and  are  termed  "hydro- 
codes".  Specific  codes  are  cited,  including  EPIC-2,  HULL,  HEMP, 
and  DYNA2D.  As  an  example  of  computer  analysis,  the  report 
cites  use  of  the  HEMP  code  to  show  which  regions  of  a  ceramic 
being  penetrated  by  a  projectile  fail  in  compression  and  which 
regions  fail  in  tension.  Another  analysis  investigated  the  effect  of 
strength  variability  as  expressed  by  the  Weibull  modulus.  The 
computations  predict  that  a  material  with  a  large  scatter  in  strength 
resists  penetration  more  than  one  with  uniform  strength. 

In  summary,  the  report  concludes  that  considerably  more 
development  is  needed  before  these  procedures  can  make  accurate 
predictions  of  dynamic,  inelastic  structural  response. 

EIELD  APPLICATIONS 

The  U.S.  Army  Materials  Technology  Laboratory  has  sum- 
marized the  status  of  lightweight  armor. (5)  While  the  report  in- 
cludes metals,  polymers,  and  organic  matrix  composites,  this  article 
discusses  only  ceramics  and  ceramic-matrix  composites.  Table  6 
summarizes  the  applications  cited  for  monolithic  ceramics  while 
Table  7  summarizes  ceramic -matrix  composites. 

The  report  cautions  that  ceramic  ballistic  performance  de- 
pends strongly  on  method  of  manufacture.  For  alumina,  hot 
pressing  and  hot-isostatic  pressing  (HIP)  are  both  superior  to  sinter- 
ing.   Hot  pressing  is  the  only  currently  feasible  alternative  for  both 


boron  carbide  and  titanium  diboride.  For  silicon  carbide,  sintering 
is  superior  to  hot  pressing,  which  is,  in  turn,  superior  to  reaction 
sintering.  There  is  only  one  manufacturing  process  for  each  of  the 
composites  that  are  cited. 


Table  6.   Applications  of  Monolithic  Ceramics  in  Armor 


Advantages 

Disadvantages 

Applications 

Material 

Current 

Potential 

Alumina 

Least  expensive 

Slightly  inferior 

Personnel  armor; 

Hovercraft; 

armor  ceramic 

ballistic  perfor- 

aircraft under- 

armored 

mance  com- 

sides; aircraft/ 

vehicles 

pared  to  other 

helicopter  crew/ 

monoliths 

component 
protection 

Boron 

Hardest  and 

Most  expensive 

Helicopter 

carbide 

least  dense 

armor  ceramic 

crew  protection 

Silicon 

Aircraft 

Armored 

carbide 

undersides 

vehicles 

Titanium 

Densest  armor 

Heavy 

diboride 

ceramic;  space 

efficient 

armor 

Table  7. 

Applications  of  Ceramic-Matrix  Composites  in  Armor 

Applications 

Material 

Advantages                Disadvantages          Current                 Potential 

AI203/SIC 


Inferior  to 


monolithic 
alumina 
TiC/Ni  -  Plate-size 

limitations 
Compglass^         Multihit  capability;       Harder  matrix 

potential  low  cost  needed 

B4C/AI  Less  expensive  — 

B4C  replacement 
Lanxide*0'  Multihit  capability; 

projected  low  cost 


Plate-size  and 
quality 
limitations 


Structural  armor 

sections 
Armor 

Lightweight 


(a)  Borosilicate  glass  reinforced  with  graphite  or  SiC  (United  Technologies  Research 
Center.  E.  Hartford,  CN). 

(b)  Alumina  containing  residual  aluminum  and  reinforced  with  fibers  or  particulates 
(Lanxide  Corporation.  Newark,  DE). 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield,  VA 
22161;    (703)487-4600. 
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Price  code:  A05 


Technology  Fact  Sheet 

U.S.  Air  Force 


Memory  Metal  Couplings 


<£3 


BROKEN  HYDRAULIC  LINE 


PIUS 


HEAT-TO-SHRINK  COUPLING 


PLUS 


HEAT 


YIELDS 


REPAIRED  HTDRAULIC  LINE 


SYNOPSIS: 

The  coupling  is  used  to  permanently  join  aerospace  metal  tubing 
lines.  There  are  two  applications  of  the  process:  (1)  a  compact 
one-piece  Cryofit  coupling  manufactured  from  a  material  called 
Tinel,  a  nickel-titanium  alloy  with  shape  memory  which  makes  the 
coupling  shrink  when  its  temperature  is  raised  from  cryogenic 
temperature  (-296°F.)  to  room  temperature  and  (2)  a  compact 
one-piece  Heat-to-Shrink  coupling  also  manufactured  from  a 
nickel-titanium  alloy  with  shape  memory  which  makes  the  coupling 
shrink  when  its  temperature  is  raised  from  room  temperature  to 
120°F.  In  both  applications  the  coupling  is  placed  over  the  tubing 
to  be  assembled  or  repaired  and  heated,  (continued  on  reverse 
side) 

BENEFITS/DRAWBACKS : 

The  first  use  of  Cryofit  was  on  the  Navy  F-14  aircraft. 
Performance  requirements  of  the  aircraft  led  to  the  use  of 

titanium  tubing,  hydraulic  system  high  flow  rates,  and  a  pump  which  exerted  surges  on  the  system  which  could 
not  be  handled  with  existing  couplings.  The  F-14  made  its  first  flight  on  21  December  1970.  Later  the  Navy 
also  authorized  the  use  of  Cryofit  for  F-14  repairs.  Initial  use  of  Cryofit  in  the  Air  Force  was  on  a  T-38 
aircraft  at  Williams  AFB.  Field  tests  on  the  fittings  were  completed  in  June  1985,  and  were  extended  to  the 
T-37  aircraft  in  October  1985.  During  this  time  period  two  A-lOs  developed  a  leak  in  the  wing  root  area  that 
could  not  be  repaired  with  existing  authorized  repair  actions.  A  depot  team  used  Cryofit  couplings  to  solve 
the  problem.  These  repair  actions,  one  in  Alaska  and  the  other  at  Davis  Monthan,  not  only  saved  120  man-hours 
for  the  wing  removal,  but  more  significantly  the  aircraft  was  not  down  for  the  10  days  it  normally  takes  for 
this  repair.  Use  of  Cryofit  on  the  B-1B  was  initiated  on  production  aircraft  18,  (continued  on  reverse  side) 

AIR  FORCE  RELIABILITY  AND  MAINTAINABILITY  2QQO  GOALS: 

Increase  combat  capability. 

Decrease  manpower  requirements  per  unit  of  output. 

Decrease  costs. 

APPLICATIONS  = 

Fielded:  F-14,  T-38,  T-37,  A-10,  B-1B,  C-5 
Current:  Air  Force  Wide  -  T.O.  1-1A-8 
Future:  Heat-to-Shrink 

DOCUMENTATION  = 

T.O.  1-1A-8 

Call  technology  POC. 
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SYNOPSIS   (continued); 

As  the  coupling  is  heated  it  shrinks  around  the  tubing,  applying  60,000  psi  to  secure  the  coupling  to  the 
tubing  lines,  providing  a  leakproof  connection.  Memory-metal  has  a  unigue  property;  it  may  be  deformed  by 
great  pressure  when  it  is  below  its  transition  temperature,  but  it  springs  back  to  its  original  shape  when 
warmed  above  its  transition  temperature.  Memory-metal  couplings  are  manufactured  with  an  inside  diameter 
smaller  than  the  outside  diameter  of  the  metal  tubing  lines  they  will  be  used  to  join.  The  memory-metal 
couplings  are  then  expanded  (at  low  temperature  at  the  factory)  so  they  will  easily  fit  over  the  metal  tubing 
lines.  When  a  memory-metal  coupling  is  warmed  above  its  transition  temperature  it  springs  back  to  its 
original  size  and  shape,  clamping  the  metal  tubing  lines  tightly.  The  original  Cryofit  couplings  had  a 
transition  temperature  so  low  they  had  to  be  stored  in  liguid  nitrogen  to  keep  them  from  reverting  to  their 
original  size.  The  United  States  Air  Force  Productivity,  Reliability,  Availability,  Maintainability  (PRAM) 
Program  Office  is  conducting  test  and  evaluation  of  the  new  Heat-to-Shrink  couplings  which  have  a  much  higher 
transition-temperature.  These  nickel-titanium  alloy  couplings  are  an  extension  of  the  memory-metal  technology 
and  can  be  stored  at  room  temperatures,  avoiding  the  hazards  of  liquid  nitrogen  and  the  inconvenience  of 
keeping  the  couplings  cold  until  used. 


BENEFITS/DRAWBACKS    (continued); 

after  the  previously  used  fittings 

failed  on  the  high  pressure  nitrogen 

system.  Approximately  35  couplings 

are  required  on  the  nitrogen  system. 

Additionally,  approval  was  given  for 

field  level  repair.  A  request  for 

general  repair  authorization  of  tubing 

was  initiated  and  approved.  This 

authorization    was  given    by 

incorporating  the  procedure  in  the  Air 

Force  Technical  Order  1-1A-8,  titled 

Aircraft  Structural  Hardware.  This 

technology  can  only  be  used  with 

titanium  and  stainless  tubing.  In 

order  to  use  memory  metal  couplings, 

each  specific  aircraft  technical  order 

must  specifically  authorize  their  use 

or  authorize  the  use  of  the  general 

repair  procedures  of  the  T.O.  1-1A-8, 

as  was  done  with  the  C-5  aircraft. 

There  are  several  benefits:  superior  sealing  along  with  reduced  maintenance  man-hours,  repair  time,  and 

aircraft  downtime.  Also  little  additional  training  is  required  since  the  couplings  can  be  installed  using 

existing  tools  and  maintenance  skills.  There  are  some  drawbacks.  In  the  Heat-to-Shrink  version  the  heat  from 

the  standard  heat  gun  may  damage  surrounding  fixtures  and  is  hazardous  around  flammable  vapors  such  as  fuel. 

The  effects  of  the  standard  heat  gun  can  be  overcome  by  acquisition  of  other  heating  devices  that  limit  the 

temperature  and  are  safe  in  a  fuel  vapor  environment.  The  Cryofit  version  requires  the  use  of  liquid  nitrogen 

which  is  not  only  hazardous,  but  requires  special  handling  and  storage. 


TECHNOLOGY  CONTACT; 

Office:  AFALC/RA  (Capt  Ionta) 
AUTOVON:  785-2780 
Conn:  (513)  244-2780 


USER  CONTACT; 

SA-ALC/MMETM  (lLt  Gates) 

945-8745 

(512)  925-8745 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).  For  further  information  on  the  subject 
technology  please  contact  the  listed  organizations.  Comments  or  guestions  about  the  Technology 
Transfusion  Program  are  welcomed  and  should  be  addressed  to  "TechTIP",  AFCOLR/TT,  Wright-Patterson 
AFB,  OH  45433-5000  or  call  AUTOVON  785-1607,  Commercial  (513)  255-1607. 
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Super  Plastic  Formed  Aluminum 


SYNOPSIS: 

Superplasticity  is  the  ability  of  a  material  to  be  elongated  and 
shaped,  at  elevated  temperatures  and  pressures,  without  localized 
thinning  or  rupture.  This  property  can  be  used  in  the 
forming/shaping  process  for  aluminum  and  other  metals,  such  as 
titanium.  Basically,  the  super-plastic  forming  process  involves 
stretching  and  bending  the  material  under  high  temperature  and 
pressure.  The  material  maintains  a  uniform  thickness  without  loss 
of  the  desirable  characteristics  of  the  metal.  Often  skins  and 
substructures  are  either  adhesively  or  diffusion  bonded  at  the  same 
time  the  substructure  is  super-plastically  formed. 

APPLICATIONS  = 

Current:  F-lll  Outboard  Spoilers  (preferred  spare) 
Future:  F-15  Horizontal  Stabilator  (leading  and  trailing  edge) 

AIR  FORCE  R&M  2QOO  GOAL  HIGHLIGHTS: 

Decreased  Manpower  Reguirements:  F-lll,  MTBD  increased  from  1,629  hours  to  5,000  hours 
Decreased  Costs:  F-15,  simpler  manufacturing  methods 

BENEFITS/DRAWBACKS  = 

One  of  the  benefits  of  super-plastically  formed  aluminum  components  is  a  significant  reduction  in  the  number 
of  parts  and  reguired  fasteners.  The  number  of  parts  is  reduced  because  a  single  integral  inner  structure 
replaces  the  ribs  and  spars.  This  leads  to  a  savings  in  production  costs  from  the  simpler  manufacturing 
process.  In  some  applications  this  leads  to  a  reduction  in  weight.  The  Productivity,  Reliability, 
Availability,  and  Maintainability  (PRAM)  office  demonstrated  this  process  in  manufacturing  the  F-15  horizontal 
stabilator  leading  and  trailing  edges.  In  the  photo,  (continued  on  reverse  side) 

DOCUMENTATION  = 

Two  Sheet  Available  Fiber/Matrix  Composite  Design  Development  for  Airframe,  AFWAL-TR-84-3041 

Advanced  Metallic  Structures  Application,  32nd  International  SAMPE  (Society  for  Advanced  Material  Processing 
Engineering),  April  87 
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BENEFITS/DRAWBACKS    (continued); 

you  can  see  the  complexity  possible  with  this  technology.  Durability  of  the  stabilator  is  achieved  by 
replacing  the  full  depth  honeycomb  core  with  a  super-plastically  formed  aluminum  core.  This  will  reduce  the 
need  for  maintenance  actions  because  of  the  reduction  of  moisture  entrapment,  which  leads  to  corrosion 
and  eventually  structural  damage.  Field  level  maintenance  actions  have  been  reduced  to  remove  and  replace.  The 
F-lll  outboard  spoilers  are  another  example  of  a  fielded  application.  SM-ALC  is  procuring  them  as  preferred 
spares.  The  photo  below  shows  the  baseline  and  new  designs.  The  baseline  design  has  a  complex  shape, 
multiple  parts,  and  many  rivets.  The  benefit  of  the  new  design  retains  the  complex  shape  but  with  one  part 
and  no  rivets.  This  spoiler  design  also  uses  integral  structural  damping  adhesive  (see  TechTIP  888007  on 
Integral  Structural  Damping).  The  new  design  is  projecting  to  increase  its  Mean  Time  Between  Demand  from 
1,629  hours  to  5,000  hours,  to  save  $5M  over  ten  years.  All  peacetime  repairs  will  be  depot  level. 


( 


ADVANCED  DESIGN  F-111  OUTBOARD  SPOILER 


BASELINE 


ADVANCED 


TECHNOLOGY    CONTACTS; 

Office:  AFWAL/FIBAA  (Mr  Sam  Pollack) 

F-lll,  F-15 
AbTOYON:  785-5664 
Comm:  (513)  255-5664 

Office:  AFALC/RA0-PRAM  (Lt  Jansa) 

F-15 
AUT0V0N:  785-6816 
Comm:  (513)  255-6816 


USER  CONTACTS; 

SM-ALC/MMIE  (Mr  Jack  Jones) 

F-lll 

633-1440 

(916)  643-1440 

WR-ALC/MMFRB  (Mr  Crawford  Battle) 

F-15 

468-3641 

(912)  926-3641 


This  TechTIP  report  was  produced  as  part  of  the  Technology  Transfusion  Program  at  the  Air  Force 
Coordinating  Office  for  Logistics  Research  (AFCOLR/TT).  Determining  the  feasibility  of  using 
this  technology  in  a  particular  application  requires  a  thorough  evaluation  of  system  requirements 
and  the  capabilities  provided  by  the  technology.  For  further  information  on  the  subject  technology, 
please  contact  the  listed  organizations.  Comments  or  questions  about  the  Technology  Transfusion 
Program  are  welcomed  and  should  be  addressed  to  "TechTIP",  AFCOLR/TT,  Wright-Patterson  AFB  OH 
45433-5000  or  call  A0TOV0N  785-1607,  COMMERCIAL  (513)  255-1607. 


NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Quality  Control  Needed  for  Long-Lasting  Concrete 


In  a  study  for  the  U.S.  Nuclear  Regulatory  Commission  (NRC),  researchers  in  the  NIST  Center  for 
Building  Technology  are  attempting  to  determine  if  concrete  can  be  formulated  to  last  up  to  500 
years.    The  NRC  is  responsible  for  developing  strategy  for  storing  low-level  radioactive  waste.    One 
approach  being  considered  by  NRC  involves  storing  radioactive  wastes  in  underground  concrete 
vaults  that  will  be  required  to  last  500  years.    NIST  analyzed  the  major  degradation  processes 
likely  to  affect  the  vaults  and  recommended  ways  to  predict  the  service  life  of  concrete.   Based  on 
available  knowledge,  says  NIST,  it  seems  likely  that  concrete  can  be  formulated  which  should  have  a 
service  life  of  500  years  in  the  expected  environments.    NIST  cautions  that  such  a  lifetime  can  be 
achieved  only  if  the  concrete  materials  meet  carefully  defined  specifications  and  good  construction 
practices  are  followed. 

FOR  ADDITIONAL  INFORMATION:    Service  Life  of  Concrete  (NISTIR  89-4086)  is  available  from  the 
National  Technical  Information  Service,  Springfield,  VA  22161. 

NTIS  order  number:     PB89-215362NAC 

Price  code:  A07 
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Aluminum-Titanium  Alloys 


An  investigation  of  the  ambient  temperature  properties  of 
aluminum-titanium  dispersion-containing  alloys  prepared  by  powder 
metallurgy  techniques  is  described  in  a  report  from  the  Naval  Air 
Development  Center.  Alloys  of  this  type  are  being  studied  be- 

cause of  their  potential  for  service  at  high  temperatures. 

Alloys  prepared  from  three  different  types  of  powder  were 
investigated;  rapidly  solidified  powder  made  by  inert  gas  atomiza- 
tion  (AT),  mechanically  alloyed  powder  (MA),  and  mechanically 
alloyed  rapidly  solidified  powder  (AM).  Powders  were  prepared  by 
all  three  methods  with  two  different  titanium  levels,  4  and  6  weight 
percent.  The  alloyed  powders  were  consolidated  by  cold  pressing, 
vacuum  degassing,  vacuum  hot  pressing,  and  extrusion.  The  ex- 
truded rods,  about  0.87  inch  in  diameter,  were  examined  to  deter- 
mine the  phases  present  as  extruded,  the  tensile  properties  as 
extruded,  and  the  tensile  properties  after  annealing  at  temperatures 
between  room  temperature  and  930  F. 

The  principal  second  phase  present  in  the  extruded  alloys  was 
AI3TL  Amounts  ranged  from  10.5  to  15.4  volume  percent  in  the 
six  alloys  examined  in  this  study.  Both  series  of  mechanically 
alloyed  materials  (MA  and  AM)  also  contained  AI4C3;  as  much  as 
8  volume  percent  was  present  in  the  Al-6Ti  alloy  prepared  by 
mechanical  alloying.  AI2O3  was  also  observed  in  the  as-extruded 
rods  in  amounts  ranging  from  about  0.2  volume  percent  in  the  AT 
alloys  to  as  much  as  0.9  volume  percent  in  the  MA  and  AM  alloys. 


Tensile  properties  at  room  temperature  for  these  six  alloys  in 
the  extruded  condition  are  given  in  Table  1.  Strength  was  increased 
slightly  by  annealing  at  570  F  by  precipitation  of  additional  Al3Ti 
phase  at  this  temperature.  However,  higher  annealing  temperatures 
reduced  strength. 


Table  1.   Tensile  Properties  of  As-Extruded 
Al-Ti  Alloys  at  Room  Temperature 


Titanium 

Ultimate 

Yield 

Content, 

Type  of 

Strength, 

Strength, 

Elongation, 

wt  percent 

Powder'3' 

ksi 

ksi 

percent 

4 

AM 

46.5 

41.7 

15 

4 

MA 

49.0 

46.2 

9 

4 

AT 

33.0 

25.8 

22 

6 

AM 

51.0 

46.7 

9 

6 

MA 

50.3 

47.2 

8 

6 

AT 

32.0 

26.2 

21 

{a}   MA  -  mechanically  alloyed,  AT  =  inert  gas  atomized, 
AM  =  inert  gas  atomized,  then  mechanically  alloyed. 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield,  VA 
22161;    (703)487-4600. 

NTIS  order  number:    AD-A205997NAC 

Price  code:   A03 
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Filling  Porous  Microspheres  With  Magnetic  Material 

Magnetic  properties  and  particle  sizes  are  controllable. 


A  new  process  produces  magnetic  mi- 
crospheres with  controllable  sizes,  compo- 
sitions, and  properties  for  use  in  medical  di- 
agnostic tests,  biological  research,  and 
chemical  processes.  Paramagnetic  micro- 
spheres can  also  be  made  with  the  proc- 
ess. Other  processes  for  making  magnetic 
microspheres  require  that  magnetic  parti- 
cles be  prepared  first  and  then  be  encap- 
sulated in  a  polymer.  With  such  processes, 
the  magnetic  material  is  not  uniformly  dis- 
tributed in  the  spheres,  and  the  size  and 
size  distribution  of  the  spheres  are  difficult 
to  control. 

In  the  new  process,  porous  plastic  mi- 
crospheres are  prepared  by  polymeriza- 
tion of  a  monomer  in  a  diluent  by  a  cross- 
linking  agent.  When  the  diluent  is  removed, 
it  leaves  tiny  pores  throughout  the  poly- 
merized spheres.  The  size  and  distribution 
of  the  pores  are  determined  by  the  amount 
and  type  of  diluent  and  cross-linking  agent. 

The  plastic  microspheres  are  soaked  in 
a  solution  of  equimolar  amounts  of  ferrous 
and  ferric  chlorides,  which  diffuse  into  the 
pores.  Finally,  sodium  hydroxide  is  added 
to  the  solution,  and  the  ferrous  and  ferric 
ions  precipitate  from  the  solution  to  form 
fine-grained  magnetite  evenly  dispersed 
throughout  the  pores.  The  magnetite  can 
be  oxidized  to  adjust  its  magnetic  proper- 


ties; for  example,  to  impart  super-para- 
magnetism. 

The  process  was  demonstrated  with  pol- 
yhydroxyethylmethacrylate  (polyHEMA)  mi- 
crospheres prepared  by  gamma  radiation 
of  a  HEMA/trimethylol-propane  trimeth- 
acrylate  (TEMPA)  mixture  in  the  presence 
of  stabilizers.  Approximately  0.1  g  of  the 
polyHEMA  microspheres,  1  perr\  in  diame- 
ter, were  swelled  in  20  mL  of  a  saturated 
equimolar  mixture  of  ferrous  and  ferric 
chlorides.  After  the  system  had  reached 
equilibrium,  the  suspension  was  spun  and 
the  supernatant  solution  was  discarded.  A 
sodium  hydroxide  solution  was  added  to 
the  microspheres.  They  turned  black  im- 
mediately and  could  be  attracted  by  a 
magnet. 

The  addition  of  ethylenediaminetetra- 
acetic  acid  (EDTA)  to  the  monomer  prod- 
uces microspheres  with  higher  iron  con- 
tent. The  EDTA  acts  as  a  complexing  agent 
for  ferrous  and  ferric  ions.  The  process 
was  also  tested  successfully  on  micro- 
spheres composed  of  polystyrene  and  di- 
vinyl  benzene. 

This  work  was  done  by  Manchium 
Chang  and  Michael  S.  Colvin  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 


to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 

Edward  An  sell 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17044/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Finding  Platinum-Coating  Gaps  on  Titanium  Anodes 

A  simple  procedure  makes  gaps  visible  to  the  eye. 


Gaps  in  platinum  coats  (more  precisely, 
platinum  plate  with  rhodium  overplate)  on 
titanium  electroplating  electrodes  can  be 
found  by  a  simple  method.  Such  elec- 
trodes are  used  as  anodes  to  plate  copper 
on  electrical  and  mechanical  parts;  they 
produce  uniform  plate  of  controlled  thick- 
ness and  bond  strength.  If,  however,  the 
platinum  does  not  cover  the  titanium 
anode  completely,  titanium  oxide  forms  on 
the  unprotected  titanium.  Plating  current 
cannot  pass  through  the  oxide,  and  the  re- 
sulting copper  plate  tends  to  blister  and  to 
vary  in  thickness  in  areas  near  the  gaps. 

Gaps  in  titanium  coverage  cannot  be 
detected  visually.  Until  now,  the  presence 
of  gaps  could  be  detected  only  via  the  poor 
quality  of  the  resulting  plate.  The  anode 
had  to  be  stripped  and  replated  with 
platinum  before  it  could  be  used  success- 
fully to  plate  copper  onto  other  objects. 

The  new  gap-detection  method  consists 
of  plating  a  thin  layer  of  a  non-silver-colored 


metal  like  copper  or  gold  on  the  anode.  The 
contrast  in  color  between  the  plated  metal 
and  the  bare  anode  material  makes  gaps 
stand  out.  If  the  anode  passes  inspection, 
the  copper  or  gold  plate  should  be  remov- 
able by  reversal  of  the  test-plating  current. 
It  remains  to  be  determined  whether  the 
test  plating  and  removal  can  damage  the 
anode. 

The  new  method  is  simpler  and  more 
economical  than  previous  attempts  to 
identify  gaps  in  the  platinum.  For  example, 
spot  checks  by  emission  spectroscopy 
proved  to  be  inconclusive  and  destroyed 
the  platinum  coating  in  the  immediate 
area.  Another  method —  examining  a 
charged  anode  in  a  sulfuric  activation  elec- 
trolyte to  see  whether  gas  bubbles  are 
generated  uniformly  over  the  surface  — 
was  awkward  and  defined  uncoated  areas 
poorly. 

This  work  was  done  by  Ronnald 
Bodemeijer  and  Cecil  E.  Flowers  of  Rock- 


well International  Corp.  for  Marshall 
Space  Right  Center.  No  further  docu- 
mentation is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-29389/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Improved  Transparent  Furnace  for  Crystal-Growth  Experiments 

A  very  uniform  coil  spacing  assures  better  visibility  and  control  of  conditions. 


A  novel  design  and  fabrication  process 
for  a  transparent  crystal-growing  furnace 
have  been  developed.  The  spacing  of  the 
heating  coil  is  very  uniform  compared  to 
that  of  furnaces  of  other  designs  currently 
in  use.  A  typical  furnace  of  the  new  design 
consists  of  one  or  more  heater  zones  in 
which  heating  wire  is  coiled  around  the  in- 
sides  of  quartz  tubes.  An  ampoule  of  ma- 
terial is  supported  inside  the  furnace 
(quartz  tube/heater-wire  assembly)  by  a 
guide  wire.  A  crystal  is  then  grown,  for  ex- 
ample, by  directional  freezing  of  the  ma- 
terial in  the  ampoule.  A  distinct  feature  of 
the  use  of  quartz  is  the  capability  of  direct 
visual  observation  of  the  crystal-growth 
process  during  an  experiment.  A  study  of 
transparent  electronic  materials  has  been 
conducted  in  the  new  furnaces. 

In  older  transparent  furnaces,  the  heat- 
ing wires  are  wrapped  around  the  outsides 
of  the  quartz  heater  tubes  (see  figure). 
Spacing  dimples  are  used  to  maintain  the 
pitches  of  the  heating  coils.  The  disadvan- 
tages of  dimpling  are  that  the  dimpling 


process  is  time-consuming  and  expensive, 
and  the  distance  between  dimples  is  usual- 
ly a  good  deal  larger  than  the  width  of  the 
heating  wire.  Reduction  of  the  dimple 
spacing  results  in  even  more  trouble  and 
expense.  Also,  dimples  are  easily  broken. 
To  wind  the  wire  around  a  dimpled  quartz 
tube,  it  is  necessary  to  support  the  tube 
while  maintaining  tension  between  the  wire 
and  the  tube.  This  tedious  winding  process 
is  usually  done  by  hand  because  it  is  dif- 
ficult to  support  the  quartz  tube  in  any  sort 
of  vise  or  lathe  and  exert  tension  on  it.  The 
dimpling  design  results  in  nonuniform  coil 
spacing  which,  in  extreme  cases,  is  mani- 
fested by  electrical  short  circuits  between 
turns  of  the  heating  wire.  The  nonuniform 
spacing  and  shorting  result  in  unpredict- 
able temperatures,  which  adversely  affect 
the  crystal-growth  process. 

In  a  furnace  of  the  improved  design, 
slotted  quartz  spacer  rods  are  used  to  hold 
the  heating  coil  accurately  on  the  inside  of 
a  quartz  tube.  Slots  in  the  spacer  rods  are 
easily  made  to  very  high  precision  by  con- 


ventional grinding  techniques.  This  helps 
maintain  very  accurate  positioning  of  turns 
of  the  heating  coil.  A  mandrel  is  used  initial- 
ly to  wind  the  heating  wire  around  the 
spacer  rods.  The  mandrel  is  held  in  a  glass- 
working  lathe.  The  speed  of  the  lathe  can 
be  adjusted  down  to  a  fraction  of  a  revolu- 
tion per  minute.  This  enables  very  sensitive 
and  precise  positioning  of  the  heating  wire 
onto  the  mandrel  assembly.  Once  the 
heating  wire  has  been  completely  wound, 
the  mandrel/wire/rod  assembly  is  removed 
from  the  lathe  and  inserted  in  the  quartz 
tube.  The  spacer  rods  are  then  attached  to 
the  quartz  tube  by  wire  ties  at  each  end  of 
the  rods,  and  the  mandrel  is  withdrawn. 
Combinations  of  these  transparent  quartz 
heater  tubes  are  used  to  construct  multi- 
zone  crystal-growth  furnaces. 

This  work  was  done  by  Bruce  N. 
Rosenthal,  Steve  White,  and  Joseph  M. 
KalinowskioflBvAs  Research  Center.  No 
further  documentation  is  available. 
LEW-14895 


Slotted  Quartz  Spacer  Rods  (One  of  Three) 
Holds  Heating  Coll  In  Place 


Quartz  Tube 

Typical  Diameter 

1V«  In. 


Brass  Mandrel 
tor  Winding  Coll 


Heating 
Wire 


Heating  Wire 
Inside  Tube 


ASSEMBLY 


Spacer  Rods  Held  in  Place 
With  Wire  Ties  Through* 
Six  Pairs  ol  Holes 


Brass  Spacer  Rod  Temporarily 
Holds  Quartz  Spacer  Rods 
Against  Quartz  Tube 


Heating  Wire  Wrapped 
Around  Quartz  Tube 


HEATER  MODULE  -  IMPROVED  DESIGN 


Wire  Held  Firm,  Both  Radially  and 
Axially,  by  Quartz  Spacer  Rods 


HEATER  MODULE  -  PREVIOUS  DESIGN 

Wire  Loosens  and  Does 
Not  Remain  Evenly  Spaced 


The  Configuration  and  Assembly  of  the  old  and  new  furnace  designs  are  compared. 
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Making  a  Noble-Metal-on-Metal-Oxide  Catalyst 

A  catalyst  exhibits  superior  performance  in  oxidation  of  CO  in  C02  lasers. 


A  two-step  process  has  been  developed 
for  preparing  a  platinum-  or  palladiumon- 
tin-oxide  catalyst  for  the  recombination  of 
CO  and  02,  decomposition  products  that 
occur  in  the  high-voltage  discharge  region 
of  a  closed-cycle  C02  laser.  The  recombi- 
nation of  these  decomposition  products  is 
necessary,  for  they  act  to  reduce  the 
power  and  lead  to  unstable  operation  of 
the  laser. 

In  the  first  step  of  this  procedure,  com- 
mercially-available, high-surface-area  sili- 
ca spheres,  10  ptfn  in  diameter,  are  placed 
in  deionized  water.  Sufficient  reagent- 
grade  tin  powder  is  added  to  coat  the 
spheres  with  a  monolayer  equivalent  of  tin 
(IV)  oxide.  The  water  is  boiled  to  deaerate 
the  solids,  and,  after  cooling\  nitric  acid  is 
added  to  obtain  a  2.25-molar  concentra- 
tion. The  mixture  is  slowly  stirred  and 
heated  to  50  °C.  Awhite  suspension  settles 
out,  and  the  temperature  is  raised  to  1 1 0  °C 
for  overnight  evaporation  and  drying. 

In  the  second  step,  deionized  water  is 
added  to  the  dried  powder  and  boiled  again 
for  deaeration.  Sufficient  Pt(NH3)4  (0H)2  is 
then  dissolved  in  hot,  deionized  water  to 
obtain  the  desired  fractional  monolayer 
coverage  of  platinum  on  the  surfaces  of 
the  spheres.  This  solution  is  added  to  the 
hot  water  containing  the  spheres  and 


stirred  slowly.  To  reduce  the  Pt(NH3)4 
(OH)2  to  platinum  metal,  six  equivalents  of 
formic  acid  are  added,  and  the  solution  is 
heated  to  just  over  100°C  for  overnight 
evaporation  and  drying.  The  catalyst  prod- 
uct is  a  gray-to-black  powder  consisting  of 
a  monolayer  equivalent  of  tin  (IV)  oxide  on 
lO-^m-diameter  silica  spheres,  with  the 
desired  fractional  coverage  of  a  monolayer 
equivalent  of  platinum  metal. 

A  thin  layer  of  tin  oxide  is  desirable  not 
only  to  maintain  the  high  surface  area  of 
the  combination  of  the  catalyst  and  the 
support  but  also  if  isotopic  labeling  of  the 
tin  oxide  is  needed.  Isotopic  labeling  in- 
volves the  removal  of  the  normal  oxygen 
isotope  in  tin  oxide  and  reoxidation  of  the 
reduced  surface  with  the  rare  isotope, 
oxygen-18.  Since  only  a  thin  layer  of  tin  ox- 
ide is  involved,  this  reduction/oxidation 
step  requires  a  minimum  of  oxygen-18. 
Also,  all  of  the  tin  oxide  is  likely  to  be  labeled 
with  oxygen-18,  a  particularly  important 
characteristic  in  maintaining  the  isotopic 
integrity  of  rare-isotope  C02  in  closed- 
cycle  C02  lasers. 

The  high  effectiveness  of  this  catalyst 
was  determined  by  tests  and  comparative 
characterization  with  a  commercially  avail- 
able catalyst.  The  catalyst  made  by  this 
process  has  a  high  B.E.T.  (Brunauer,  Em- 
mett,  and  Teller)  surface  area  and  a  high 


activity  at  moderate  temperatures.  It  is  10 
times  as  active  as  a  commercially  avail- 
able catalyst  under  similar  conditions. 

This  process  is  inherently  clean  in  that 
excess  reagents  or  products  decompose 
and  evaporate,  leaving  no  soluble  residue. 
Furthermore,  the  reactions  proceed  at  tem- 
peratures low  enough  not  to  decrease  sig- 
nificantly the  high  surface  area  of  the  cata- 
lyst. This  process  is  also  applicable  to  other 
noble-metal/metal-oxide  combinations. 

This  work  was  done  by  Irvin  M.  Miller 
and  Patricia  P.  Davis  of  Langley  Research 
Center,  and  Billy  T.  Upchurch  of  Science 
and  Technology  Corp.  No  further  docu- 
mentation is  available. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13741/TN. 

Langley  Research  Ctr. 
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Officer:  John  Samos 
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(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
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Hampton,  VA  23665 
(804)  864-3523 
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Tensile  Film  Clamps  and  Mounting  Block  for  Viscoelastometers 

Samples  are  gripped  uniformly  and  reproducibly. 


A  set  of  clamps  and  a  mounting  block 
have  been  developed  for  use  in  determin- 
ing the  tensile  moduli  and  damping  prop- 
erties of  films  in  a  manually  operated  or  au- 
tomated commercial  viscoelastometer. 
These  clamps  and  block  provide  uniformity 
of  sample  gripping  and  alignment  in  the  in- 
strument. The  dependence  on  the  opera- 
tor and  the  variability  of  data  are  greatly 
reduced. 

The  viscoelastometer  has  been  used  for 
many  years  for  measuring  the  dynamic 
mechanical  properties  of  polymers.  When 
operated  manually,  the  instrument  is  very 
labor-intensive,  requiring  the  constant  at- 
tention of  the  operator  for  hours  at  a  time  if 
a  wide  temperature  range  is  covered.  Vari- 
ous instruments  and  clamps  developed 
over  the  years  for  automatic  operation  and 
improved  clamping  still  have  not  satisfac- 
torily solved  the  problem  of  reproducible 
and  uniform  gripping  of  samples. 

This  new  design  allows  for  mounting  of 
the  sample  in  T-clamps  on  a  film-mounting 
fixture  that  is  removed  from  the  instrument 
(see  upper  part  of  figure).  The  mounting  fix- 
ture securely  holds  the  T-clamps  and  en- 
sures alignment  and  reproducible  position- 
ing of  the  film  in  the  clamps.  The  specimen 
of  film  is  placed  on  the  mounting  fixture 
and  is  aligned  by  positioning  the  edge  of 
the  film  along  a  ledge  that  is  spaced  so  that 
a  film  of  specified  width  will  be  centered  on 
the  T-clamps. 

The  bottom  of  the  T-clamp  fits  into  cut- 
outs in  the  mounting  block  and  is  securely 
locked  into  place,  ensuring  reproducible 
positioning.  The  top  portion  of  the  T-clamps 
fits  over  two  alignment  pins  and  is  secured 
to  the  bottom  of  the  clamps  by  an  Allen 
screw.  To  prevent  slipping,  twisting,  or  un- 
even clamping  of  the  film  as  the  top  of  the 
T-clamp  is  tightened,  a  rectangular  film 
holder  is  placed  over  the  film.  This  is  held  in 
position  by  screwing  a  top  plate,  which  ex- 
tends over  the  film  holder,  to  the  mounting 
block. 

After  both  ends  of  the  film  are  secured  in 
the  T-clamps,  the  top  plate  and  film  holder 
are  removed.  The  film  can  then  be  viewed 
from  the  side  to  assure  the  operator  that 
the  clamping  is  uniform. 


Top 
Plate 


T-Clamp 


Mounting 
Block 


U-  and  T-Clamp 
Assembly 


T-Clamps  Are  Removed  From  the  Mounting  Fixture  and  remounted  in  U-clamps  on  the  in- 
strument. 
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The  setscrews  on  the  side  of  the  mount- 
ing fixture  are  then  loosened,  and  the 
clamped  film  and  T-clamps  removed  from 
the  block.  The  T-clamps  are  then  mounted 
in  the  viscoelastometer  in  U-clamps  (see 
lower  part  of  figure).  The  U-clamps  are  on 
rods  that  are  connected  to  the  stress  and 
strain  gauges.  This  portion  of  the  clamping 
assembly  is  left  in  place  at  all  times. 

The  T-clamps  are  slipped  into  the  U- 
clamps  so  that  the  T-clamp  runners  fit  into 
the  U-clamp  grooves,  ensuring  reproduci- 
ble alignment  of  the  film  on  the  axis.  An 
Allen-head  setscrew  on  the  top  side  of  the 


clamps  eliminates  slippage  of  the  T-clamps 
during  tensioning  of  the  film  and  the  ac- 
quisition of  data.  This  gripping  assembly 
results  in  a  vertical  film  mounting,  allowing 
an  edge-on  view  of  the  film  as  a  final  check 
on  the  mounting  of  the  sample. 

777/s  work  was  done  by  Diane  M.  Stoakley 
Anne  K.  St.  Clair,  and  Bruce  D.  Little  of 
Langley  Research  Center.  No  further  doc- 
umentatbn  is  available. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive   license   for   its   commercial 


development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13696/TN. 


Langley  Research  Ctr. 

Technology  Utilization 
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George  F.  Helfrich 
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0444  Laboratory  for  Marine  Animal  Health 

0445  A  Genetics  Laboratory  for  Typing  Rhesus  Monkeys 

0446  Nutritional  Program  to  Prevent  or  Reduce  the  Effect  of  Jet  Lag 

0447  Computer  Animation  in  Perception  Research — The  artificiality  of  images 
is  apparent  to  subjects  and  may  influence  experimental  results. 
(Licensing  Opportunity) 

Testing  &  Instrumentation 

0448  Automated  Monitoring  System  for  Fish  Physiology  and  Toxicology 

0449  Scanning  Transmission  Electron  Microscopy  Facility 

Other  Items  of  Interest 

0401     Harnessing  Microalgae 

0457     Simple  Test  for  Organic  Material  in  Gas — Dried  enzymes  and  color 
indicators  test  sensitively  and  selectively. 
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NIH 


Federal  Laboratory  Resource 


Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 


Laboratory  for  Marine  Animal  Health 


Principal  Investigator: 
Louis  Leibovitz,  V.M.D. 

Professor  of  Avian  and  Aquatic  Animal 

Medicine 

New  York  State  College  of  Veterinary 

Medicine 

Cornell  University 

Ithaca,  New  York 


Resource  Location; 

Laboratory  for  Marine  Animal  Health 

Marine  Biological  Laboratory 

Woods  Hole,  Massachusetts  02543 

(617)548-3705x513 


Resources  •  Diagnostic  Services:  This  facility  in  the  Marine 

Provided  Biological  Laboratory  provides  such  diagnostic 

services  as  clinical  examinations,  pathology, 
microbiology,  and  epidemiology  for  a  broad 
spectrum  of  marine  animals,  including  many 
species  of  vertebrates  and  invertebrates. 
•  Contact  Person:  Dr.  Louis  Leibovitz,  (617) 
548-3705,  x  513. 


Research 
Emphasis  or 
Application 


•  Basic  Objectives:  The  research  community  at 
Woods  Hole,  including  the  Marine  Biological 
Laboratory,  the  Woods  Hole  Oceanographic 
Institution,  the  National  Marine  Fisheries  Service 
Laboratory,  and  others,  is  provided  with  diag- 
nostic assistance  and  research  collaboration 
involving  many  marine  species  maintained  in 
research  facilities.  Several  species  of  inverte- 
brates are  raised  in  confined  colonies,  with  the 
goal  of  developing  standardized  laboratory 
animals. 

•  Current  Research:  Studies  of  specific  dis- 
eases in  laboratory-maintained  marine  animals 
are  in  progress.  Rationales  for  methods  of  treat- 
ment, control,  and  eradication  of  these  diseases 
are  being  developed  from  these  studies.  Criteria 
for  the  maintenance  of  health  of  marine  labora- 
tory animals  are  being  defined  for  cooperating 
scientific  institutions  and  their  investigators.  A 
more  complete  understanding  of  the  diseases 
of  the  more  commonly  utilized  marine  laboratory 


animals  is  being  documented.  Among  the  mol- 
luscs, diseases  of  larval,  juvenile,  and  adult  sea 
hares  {Aplysia  califomica),  nudibranchs  (Her- 
missenda  crassicornis),  and  those  of  a  number 
of  species  of  bivalve  molluscs  have  been 
defined.  Contributions  have  also  been  made  to 
a  greater  understanding  of  the  diseases  of  indi- 
vidual species  of  arthropods,  echinoderms.  fin- 
fish,  and  other  major  taxonomic  groups  of 
marine  laboratory  animals. 
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NIH 


Federal  Laboratory  Resource 


Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 

A  Genetics  Laboratory  for  Typing  Rhesus  Monkeys 

Principal  Investigator: 
William  H.  Stone,  Ph.D. 

Trinity  University 
715  Stadium  Drive 
San  Antonio.  Texas  78284 
(512)  736-8347/8216 


( 


Resources  Diagnostic  Services 

Provided  •  BI°od  Groups:  13  blood  group  systems  of  the 

erythrocytes  defined  by  24  alloimmune  aggluti- 
nating antisera. 

•  Serum  Proteins:  The  transferrin  system  with 
13  alleles,  and  the  complement  (C3)  system 
with  three  alleles. 

•  Isozymes:  Typing  for  polymorphic  erythrocyte 
enzymes:  phosphggluconate  dehydrogenase 
(PGD),  glucosephosphate  isomerase  (GPI),  car- 
bonic anhydrase  (CA2),  and  phosphoglucomu- 
tase  (PGM1).  We  can  provide  a  genetic  profile 
consisting  of  18  different  genetic  systems, 
which  together  can  define  more  than  a  trillion 
different  phenotypes. 

•  Contact  Persons:  William  H.  Stone,  Ph.D.,  or 
Nancy  Samples,  M.S.,  (512)  736-8347/8216. 


Research 
Emphasis  or 
Application 


•  Basic  Objectives:  To  serve  as  a  research 
resource  for  genetic  typing  of  rhesus  monkeys 
(Macaca  mulatta).  The  genetic  markers  serve  as 
essential  tools  for  maintaining  accurate  pedi- 
gree records  by  solving  disputed  parentage 
cases  and  monitoring  inbreeding  and  loss  of 
genetic  variability.  They  can  also  help  in  genetic 
management  of  primate  colonies  to  generate 
pedigrees,  genetic  distances,  and  other  data  for 
specific  research  protocols. 

•  Current  Research:  Our  aim  is  to  define  as 
many  genetic  markers  as  possible  in  the  rhesus 
monkey.  We  concentrate  in  three  major  areas: 
blood  groups,  serum  proteins,  and  isozymes. 
Our  research  concerns  four  major  areas  in 
which  these  genetic  markers  play  a  significant 
role:  population  genetics,  markers  for  other  traits 
such  as  major  genes  in  polymorphic  systems, 
control  of  genetic  variation,  and  monitoring 
breeding  (by  identifying  individuals  and  parent- 
age) and  controlling  inbreeding  and  developing 
breeding  programs. 
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U.S.  Army  Research 

U.S.  Army  Natick  RD&E  Center,  Natick,  MA  01760 


Nutritional  Program  to  Prevent  or  Reduce  the  Effect  of  Jet 
Lag 


Rapid  deployment  of  troops  across  several  time  zones  in  either 
an  easterly  or  westerly  direction  leads  to  a  cluster  of 
behavioral  and  physiological  symptoms,  including  difficulty  in 
sleeping,  extreme  lethargy  and  performance  degradation.   These 
deficits  are  commonly  referred  to  as  jet  lag  and  are 
self-correcting  within  7-10  days.   The  objective  of  this 
project  is  to  determine  whether  jet  lag  can  be  attenuated  or 
eliminated  by  modifying  diet  or  feeding  patterns  prior  to, 
during  or  after  time  zone  changes.   Laboratory  and  field 
studies  have  been  conducted  utilizing  quantitative  performance 
indices  that  are  sensitive  to  the  circadian  desynchronization 
associated  with  jet  lag.   Data  is  currently  being  analyzed. 

For  additional  information,  contact: 

Dr.  Laurie  Lester 

U.S.  Army  Natick  RD&E  Center 

Natick,  MA  01760-5020 

TEL:   508-651-4321 

or 

Mr.  Robert  Rosenkrans 
Technology  Transfer  Coordinator 
U.S.  Army  Natick  RD&E  Center 
Natick,  MA  01760-5014 
TEL:   508-651-5296 
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Computer  Animation 
in  Perception  Research 

The  artificiality  of 
images  is  apparent  to 
subjects  and  may  influence 
experimental  results. 

A  report  evaluates  computer-generated 
animation  in  reseach  on  the  perception  of 
motion.  Most  of  such  research  programs 
could  not  be  pursued  without  computer  an- 
imation, the  report  notes.  Computer-gener- 
ated displays  afford  variability  and  control 
that  are  almost  impossible  to  achieve 
otherwise.  However,  the  medium  is  limited 
in  that  computer-generated  images  pre- 
sent simplified  approximations  of  the  dy- 
namics of  natural  events. 

Computer  animation  has  several  advan- 
tages. It  is  easier  to  generate  displays  by 
computer  than  to  build  movable  physical 
mechanisms  that  produce  the  desired  mo- 
tions. Computers  can  be  programmed 
easily  to  display  events  that  appear  to  vio- 
late the  laws  of  physics.  This  ability  proves 
to  be  highly  useful  in  assessing  visual  sen- 
sitivity to  natural  dynamics  and  can  be  du- 
plicated by  real  objects  only  with  great  diffi- 
culty. Moreover,  with  computer-generated 
displays,  researchers  always  know  the  dis- 
play parameters  exactly. 

On  the  other  hand,  whenever  people 
look  at  computer-animated  displays,  they 
are  presented  with  conflicting  information 
about  depth  relationships.  All  the  primary 
depth  cues  indicate  a  two-dimensional  im- 
age, and  the  absence  of  motion  parallax 
adds  to  the  effect.  At  odds  with  this  infor- 
mation is  the  motion  in  the  display,  which 


indicates  a  three-dimensional  structure. 
There  are  other  disadvantages  as  well: 

•  An  object  does  not  appear  to  be  located 
on  the  monitor  screen;  rather  it  appears  to 
be  somewhere  behind  the  screen. 

•  Unlike  natural  scenes,  computer  displays 
subtend  a  limited  area  of  an  observer's 
field  of  view.  The  observer  has  the  clear 
sensation  of  viewing  a  window  on  a  scene 
rather  than  the  scene  itself. 

•  Rapidly  moving  objects  have  an  unna- 
turally clear  and  abrupt  appearance  that 
gives  rise  to  a  stroboscope  effect,  where- 
as the  images  on  movie  films  have  a  na- 
tural-looking blur.  This  disadvantage  of 
computer  animation  can  be  overcome 
with  blurring  algorithms,  but  at  present 
these  algorithms  are  too  complex  for  use 
in  real  time. 

•  Realistic  texture  and  shading  are  difficult 
to  achieve. 

•At  present  only  the  simplest  dynamic 
events,  like  collisions  of  balls  or  rotations  of 
objects,  can  be  generated  from  mathe- 
matical models.  Even  these  simple  events 
are  often  based  on  simplifying  assump- 
tions —  that  friction  is  absent,  for  exam- 
ple, or  that  particle  mechanics,  rather  than 
solid-body  mechanics,  prevail. 
The  report  recommends  caution  in  mak- 
ing generalizations  about  human  sensitivi- 
ty to  natural  events  from  studies  based  on 


computer-animated  displays.  Such  studies 
should  be  accompanied  by  investigations 
based  on  natural  objects. 

This  work  was  done  by  Mary  K.  Kaiserof 
Ames  Research  Center  and  Dennis  R. 
Proffittofthe  University  of  Virginia.  Further 
information  may  be  found  in  NASA 
TM-88335  [N87-14845/NSP],  Price  Code: 
A02  "Applications  of  Computer-Graphics 
Animation  for  Motion-Perception 
Research. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center.  Refer  to 
ARC-11774/TN. 


Ames  Research  Ctr. 

Technology  Utilization 
Officer.  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darreii  G.  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)  694-5104 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Automated  Monitoring  System  for  Fish  Physiology  and 
Toxicology 


Introduction 

One  approach  to  understanding  causal 
relationships  between  chemicals  and 
their  effects  was  developed  recently  and 
is  termed  fish  acute  toxicity  syndromes 
(FATS).  These  are  collections  of  direct 
and  indirect  measures  of  effect,  or  clinical 
signs,  manifested  in  the  animal  upon 
exposure  to  chemicals  that  are  uniqre 
and  specific  to  a  common  mode  of 
action.  Based  on  a  group  of  measurable 
toxic  signs  involving  the  respiratory- 
cardiovascular  system  in  rainbow  trout 
Salmo  gairdnen,  FATS  have  been  de- 
fined for  narcotics,  oxidative  phosphor- 
ylation uncouplers,  acetylcholinesterase 
(AChE)  inhibitors,  respiratory  membrane 
irritants,  and  the  pyrethroid  insecticide 
fenvalerate. 

FATS  testing  required  data  acquisition 
on  1 1  respiratory-cardiovascular  variables 
and   the   capability    to   monitor   more    if 
necessary.    Monitoring    was    performed 
manually  during  all  previous  FATS  tests 
and   consumed   the  full   attention   of   at 
least  three  people  along   with   the   part- 
time  help  of  several  others  during  both  a 
seven  hour  control  period  and  for  up  to 
48-h  during  the  acutely  lethal  exposure 
period.  Only  two  fish  could  be  prepared 
and  tested   at  one  time,   and  two   tests 
were    therefore   required   to   gather   suf- 
ficient information  on  four  fish  to  reliably 
define  a  FATS.  Although  measurements 
were    made    often    enough    so    that 
statistical   relevance  was   established,    a 
higher  sampling  frequency  was  desirable 
for  greater  confidence. 

The  objective  here  was  to  develop  an 
automated  system  to  efficiently  quantify 
some  of  the  physiological  functions  of  a 
whole  fish  preparation  exposed  to  acutely 
lethal  chemical  concentrations.  It  was 
desired  that  the  system  provide  for  data 
gathering  on  at  least  four  fish,  and  to  do 
so  at  predetermined  intervals  throughout 
the  test  including  periods  of  unattended 
operation.  Another  requirement  was  that 
it  remain  flexible  enough  so  that  sampling 
and  measurement  regimes  could  be 
changed,  singly  or  collectively,  during  a 
test.  With  these  in  mind,  a  system  was 
designed  that  could  be  constructed  from 


commercially  available  sensors,  control 
valves,  a  personal  computer,  a  specially 
constructed  interface,  and  menu-driven 
software  to  coordinate  system  activities. 

Procedures 

The  system  performed  physiological 
monitoring  on  rainbow  trout  Salmo 
gairdneri  that  weighed  between  0.6  and 
1  0kg  and  were  exposed  to  a  lethal 
concentration  of  an  organic  chemical. 
This  required  the  integration  of  several 
subsystems  that  included:  (1)  exposure 
apparatus  that  provided  water  and 
toxicant  delivery;  (2)  automated  sampling 
and  measurement  circuits  and  devices 
that  provided  automatic  data  collection 
and  sampling  of  physiological  functions; 
(3)  non-automated  circuits  and  devices 
that  provided  monitoring  of  those 
physiological  functions  that  defied  auto- 
mation at  this  time;  (4)  a  microcomputer 
system  that  controlled  all  aspects  of 
automated  monitoring;  and  (5)  an  inter- 
face that  provided  all  necessary  intercon- 
nections and  switching  between  the 
computer  and  external  devices. 

Results  and  Discussion 

To  date  17  tests  involving  68  fish  have 
been  completed  using  the  system. 
Testing  included  three  freshwater  control 
runs,  two  control  tests  on  a  carrier  solvent 
used  to  aid  dissolution  of  some  test 
chemicals,  and  13  tests  with  organic 
chemicals  used  in  describing  fish  acute 
toxicity  syndromes  (FATS).  Collectively, 
the  results  from  these  tests  showed  that 
the  system  performed  as  designed 
despite  some  sporadic  electronic  mal- 
functions and  problems  with  sensor  cali- 
bration during  some  tests.  The  first 
chemical  tested  with  the  automated 
system,  2.4-dinitrophenol,  was  in  the 
group  of  uncouplers  originally  tested,  and 
the  results  obtained  using  the  automated 
system  were  consistent  with  those 
obtained  manually.  This  verified  that  the 
automated  system  was  suitable  for  FATS 
testing  as  well  as  showing  that  the 
responses  used  to  define  a  FATS  were 
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reproducible. 

The  main  advantage  gained  by  using 
the  automated  system  for  FATS  testing 
was  that  four  fish  could  be  monitored 
simultaneously  for  their  cardio-respiratory 
responses.  When  done  by  the  automated 
system,  measurements  of  VG  and  DO 
were  rendered  effortless  and  it  became 
possible  to  monitor  more  than  two  fish 
per  test.  This  at  least  doubled  the 
number  of  FATS  tests  that  could  be  done 
in  the  same  time  frame. 

Also,  round-the-clock  monitoring  was 
now  possible  and  this  greatly  increased 
the  number  of  measurements  done  for 
VG,  Ug,  and  02.  This  ensured  data 
gathering  throughout  a  test  for  every  fish 
and  increased  the  confidence  that  data 
were  not  missed  for  periods  of  critical 
change. 

Another  advantage  to  using  the 
automated  system  was  that  certain 
judgments  concerning  the  course  of  an 
experiment  could  be  made  while  it  was  in 
progress.  For  instance,  it  is  characteristic 
of  narcosis-inducing  chemicals  that  their 
effects  on  an  organism  are  reversible 
even  at  the  point  of  apparent  death, 
usually  defined  as  respiratory  arrest  in 
aquatic  toxicology,  whereas  effects 
induced  by  chemicals  with  more  specific 
modes  of  toxic  action  are  irreversible.  By 
following  VG  and  V02  on  the  computer 
printout  as  well  as  locomotor  activity, 
ventilation,  and  the  EKG  on  those 
recordings,  the  fish  could  be  revived  at 
various  stages  of  intoxication  with 
toxicant-free  water  and  recovery 
monitored  if  it  were  necessary  to  demon- 
strate that  certain  chemicals  were 
narcotic. 

Conclusions 

1 .  Automated  monitoring  of  respiratory- 
cardiovascular  variables  from  fish 
resulted  in  a  considerable  savings  of 
time  and  effort  when  compared  to 
manual  data  gathering  methods. 


2.  Automated  monitoring  provided 
continual  data  collection  during  per- 
iods of  unattended  operation,  thus 
ensuring  that  data  were  collected 
during  times  when  critical  changes 
may  have  occurred. 

3.  The  real-time  sampling  and 
calculation  of  vital  signs  permitted 
judgments  on  the  course  of  an 
experiment. 

4.  Automated  monitoring  allowed  rapid 
data  collection  at  shorter  time 
intervals  than  manually  possible.  A 
greater  number  of  samples  provided 
for  greater  statistical  reliability. 

5.  Data  were  easily  manipulated  and 
transferred  between  computers  be- 
cause they  were  immediately  stored 
in  computer  files. 

6.  Less  manual  sampling  reduced 
human  exposure  to  potentially 
hazardous  chemicals. 
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Scanning  Transmission  Electron  Microscopy  Facility 

The  scanning  transmission  electron  microscopy  (STEM)  facility  at  Brookhaven  National  Laboratory 
(BNL)  in  Upton,  New  York,  offers  researchers  advantages  over  conventional  electron  microscopy 
for  low-dose  direct  imaging  of  biologically  important  macromolecules  such  as  DNA  and  proteins. 

A  conventional  electron  microscope  (EM)  operates  by  flooding  high-energy  electrons  over  the 
surface  of  a  thin  specimen.  Electrons  that  strike  heavier  atoms  in  the  specimen  are  scattered  out  to 
large  angles.  An  objective  lens  below  the  specimen  focuses  the  remaining  electrons  through  a 
narrow  aperture  and  onto  a  flat  photographic  plate  or  fluorescent  screen  where  a  bright  field  image 
is  produced.  Biological  molecules,  which  are  composed  mainly  of  light  atoms,  scatter  few  electrons 
and  give  a  poor  bright  field  image  unless  heave  atoms  have  been  added  by  positive  staining,  negative 
staining  or  shadowing. 

In  the  STEM,  on  the  other  hand,  the  aperture  and  focusing  lenses  are  all  above  the  specimen.  The 
objective  lens  focuses  the  electrons  into  a  very  small  spot  on  the  surface  of  the  specimen.  The 
specimen  is  scanned  with  the  focused  electrons  to  form  an  image  as  in  a  television. 

Below  the  specimen  there  are  no  apertures  or  lenses  to  restrict  the  scattered  electrons.   Three 
concentric  ring-shaped  detectors  collect  almost  all  the  scattered  and  unscattered  electrons  to 
produce  simultaneous  images  stored  directly  in  a  computer  memory.   A  TV  set  displays  the  contents 
of  the  computer  memory  so  the  STEM  operator  can  search  for  interesting  areas,  tune  up  the 
microscope  and  visually  judge  the  quality  of  the  recorded  data. 

Dr.  Joseph  Wall,  principal  investigator  at  the  facility,  says  that  because  the  STEM  detector  can 
capture  virtually  every  electron  that  emerges  from  beneath  the  surface  of  the  specimen,  it  is 
possible  to  image  unstained  biological  molecules  with  relatively  little  damage. 

"Many  of  the  samples  we  work  with  are  sensitive  to  electron  irradiation  so  we  have  to  keep  the  dose 
below  a  certain  upper  limit.    Our  emphasis  at  Brookhaven  is  to  use  the  low-dose  capabilities  of  the 
STEM  to  image  biological  molecules  as  close  as  possible  to  their  native  state,"  Dr.  Wall  explains. 

The  STEM  facility  has  a  field  emission  electron  gun  that  "shoots"  out  electrons  with  energy  levels  of 
40,000  electron  volts.   The  microscope  can  produce  images  with  resolutions  as  high  as  2  to  3 
angstroms.    The  facility  also  has  a  computer-controlled  freeze  dryer  and  vacuum  transferring 
systems  for  sample  preparation  and  handling.    Additional  computer  terminals  with  advanced 
programs  for  image  analysis  aid  in  the  interpretation  of  data  as  they  are  acquired  or  after  storage. 
The  STEM  facility  is  supported  by  the  Biomedical  Research  Technology  Program  of  the  National 
Institutes  of  Health  Division  of  Research  Resources  and  by  the  Department  of  Energy. 

Since  the  STEM  facility  opened  at  BNL  in  1978  researchers  from  around  the  world  have  used  it  to 
study  a  variety  of  macromolecules.    Dr.  Wall  says  that  although  the  "bread  and  butter"  application 
of  the  STEM  is  simple  measurements  of  mass  and  mass  distribution  of  macromolecules,  he  and  his 
colleague,  Dr.  Jim  Hainfeld,  are  attempting  to  enlarge  its  application  in  several  new  directions.    The 
three  most  promising  areas,  he  says,  are  two-  and  three-dimensional  determinations  of  mass 
distribution  of  complex  objects,  labeling  of  specific  sites  on  macromolecules  with  heavy  atom 
clusters,  and  elemental  mapping  at  low  voltages  using  energy  loss  electrons. 

Dr.  Wall  suggests  that  a  great  deal  of  information  can  be  inferred  from  basic  STEM  mass 
measurements.    For  example,  information  about  the  distribution  of  mass  per  unit  of  length  or  area 
of  macromolecule  yields  inferences  about  its  two-  and  three  dimensional  conformation  and  the 
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quality  of  specimen  preparation.    Changes  in  distribution  of  mass  can  tell  researchers  what  is 
happening  to  the  conformation  of  a  macromolecule  as  a  result  of  changes  in  the  pH,  ionic  strength  of 
a  solution,  or  added  subcomponents.    If  several  structures  have  been  proposed  for  a  particular 
macromolecule,  the  projected  mass  distributions  of  each  model  can  be  compared  with  the  STEM 
image  to  decide  which  model  best  fits  the  data,  he  explains. 

In  order  to  enhance  the  image  of  macromolecules  and  locate  reactive  sites,  Dr.  Hainfeld  and  his 
associates  recently  developed  "stains"  composed  of  clusters  of  heavy  atoms  such  as  11  gold  atoms  or 
1 1  tungsten  atoms  linked  to  fragments  of  antibody  molecules.    Dr.  Wall  says  that  instead  of  offering 
contrast  through  color,  as  stains  do  in  light  microscopy,  the  heavy  atom  clusters  offer  contrast  by 
standing  out  like  pins  on  a  map. 

"If  you  looked  at  the  United  States  from  space,  you  would  have  a  difficult  time  deciding  where 
certain  things  were  unless  there  was  a  way  of  putting  a  beacon  on  them.   The  heavy  metal  clusters 
provide  a  method  for  zeroing  in  on  particular  features  of  a  macromolecule,"  he  explains. 

Dr.  Hainfeld  recently  used  clusters  of  gold  atoms  covalently  linked  to  a  fragment  of  a  mouse  antibody 
directed  against  ferritin,  a  protein  responsible  for  binding  nutritional  iron  in  the  intestinal  cells  of 
animals  and  humans,  to  study  the  geometry  and  reactive  sites  of  ferritin. 

The  iron  core  of  ferritin  and  the  clusters  of  gold  atoms  attached  to  the  outside  of  the  ferritin 
molecule  via  the  antiferritin  antibody  fragment  appeared  as  bright  spots  on  the  electron 
micrograph;  the  protein  shell  of  ferritin  appeared  as  a  diffuse  halo  around  the  much  brighter  iron 
core.   By  using  a  computer  to  add  colors  to  the  image,  Dr.  Hainfeld  was  able  to  further  enhance  the 
contrast  between  the  metal  and  protein  portions  of  the  ferritin  molecule. 

Dr.  Wall  suggests  that  heavy  atom  labeling  can  be  used  as  a  complementary  technique  to  measure 
mass.  Mass  measurements  can  be  used  to  map  the  matrix  of  a  molecule;  the  heavy  atom  "stains"  can 
be  used  to  highlight  features  of  interest  within  the  matrix,  he  explains. 

Other  researchers  have  used  the  STEM  to  map  the  structures  of  viruses,  DNA,  protein-DNA 
complexes,  and  a  variety  of  structural  proteins,  enzymes,  and  subcellular  particles.    Dr.  Wall 
emphasizes  that  there  is  considerable  give  and  take  in  each  experiment,  with  new  challenges  leading 
to  increased  expertise  in  specimen  preparation  and  data  analysis. 

The  BNL  researchers  have  found  that  preparation  in  a  clean  environment,  rapid  freezing  of  the 
thinnest  possible  water  layer  on  specimens,  and  freeze  drying  at  the  lowest  possible  temperature 
are  critical  in  STEM  measurements.    Once  the  specimen  is  freeze-dried  on  the  thin  carbon  substrate 
it  is  transferred  under  vacuum  to  a  minus-150-degree-Celsius  microscope  state.    Dr.  Wall  ways 
that  imaging  the  specimen  on  the  cold  stage  is  especially  important  because  the  cold  inhibits  mass 
loss  and  contamination  of  the  specimen  by  organic  molecules  diffusing  across  the  surface  of  the 
carbon.   The  sample  purity  and  preparation  quality  can  best  be  judged  by  the  reproducibility  of 
results  and  by  the  sharpness  of  the  edges  of  the  image  in  the  electron  micrograph,  he  explains. 

By  developing  better  methods  of  sample  preparation  and  better  "stains"  for  enhandcing  the  clarity 
of  images,  Dr.  Wall  and  his  colleagues  suggest  that  in  the  next  few  years  the  BNL  STEM  facility  will 
become  increasingly  attractive  to  biological  researchers.    Approximately  65  teams  of  visiting 
researchers  used  the  facility  last  year. 

The  facility  is  free  of  charge  to  all  qualified  users.    Once  the  visiting  researchers  begin  their  work, 
facility  personnel  are  available  to  assist  with  sample  preparation  and  operation  of  the  equipment. 
Staff  members  ar  also  available  to  aid  in  image  interpretation  and  analysis.    In  addition,  user  office 
and  laboratory  space  is  provided. 

FOR  ADDITIONAL  INFORMATION:  Investigators  interested  in  using  the  Brookhaven  STEM  facility 
should  contact:  Dr.  Joseph  S.  Wall  or  Dr.  James  F.  Hainfeld,  Department  of  Biology,  Brookhaven 
National  Laboratory,  Upton,  New  York  11973;  Telephone:     (516)282-2912/3372. 
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Progress  in  Imaging  Radar 
Polarimetry 

Recent  development  efforts 
are  recounted. 

A  report  traces  the  development  of  im- 
aging radar  polarimetry  at  NASA's  Jet  Pro- 
pulsion Laboratory  during  recent  years. 
Imaging  radar  polarimetry  has  attracted  in- 
tense interest  in  the  fields  of  remote  sens- 
ing and  electromagnetic  scattering.  When 
fully  developed,  multipolarization  synthet- 
ic-aperture radar  (SAR)  systems  aboard 
aircraft  and  spacecraft  are  expected  to 
yield  a  wealth  of  data  for  the  assessment  of 
resources,  agricultural  forecasting,  and 
the  verification  of  radar-scattering  calcula- 
tions. 

In  imaging  radar  polarimetry,  the  SAR 
system  produces  four  amplitude-and- 
phase  images  of  the  target  area  —  one  for 
each  combination  of  transmitted  and  re- 
ceived polarizations  (HH,  HV,  VH,  and  W, 
where  H  denotes  the  horizontal  and  V  de- 
notes the  vertical).  The  raw  image  data  are 
recorded  on  magnetic  tape  and  processed 
subsequently  on  computers.  The  complete 
polarization  scattering  matrix  yields  more 
information  about  a  target  than  does  a 
scalar  radar  reflectance  without  regard  to 
polarization. 

In  July  1985,  a  CV-990  airplane  carrying 
an  L-band  and  a  C-band  multipolarization 
SAR  crashed,  delaying  the  acquisition  of 


new  data  by  about  2  years.  During  the  con- 
struction of  the  new  radar  equipment,  work 
continued  on  algorithms  and  equipment 
for  the  digital  processing  of  raw  multipolari- 
zation SAR  data. 

In  September  1986,  the  synthesis  of  ar- 
bitrarily polarized  images  from  the  four 
L-band  images  was  demonstrated.  At  that 
time,  it  took  20  minutes  and  128  Mbytes  of 
memory  to  synthesize  a  single  image  on  a 
VAX  11/785  computer.  Since  then,  a  tech- 
nique has  been  devised  to  compress  the 
input  data  to  10  Mbytes  and  reduce  the 
computation  time  to  only  2  minutes. 

These  reductions  made  it  possible  to 
transfer  the  task  of  processing  to  a  "polari- 
zation workstation"  consisting  of  a  smaller 
computer  equipped  with  an  image-display 
subsystem.  The  workstation  can  synthe- 
size a  1 ,024-  by  1 ,024-point  polarization  im- 
age in  2  to  3  minutes.  It  can  also  measure 
the  polarization  of  any  picture  element  or 
collection  of  elements  and  perform  some 
simple  comparisons  between  polarizations 
of  different  parts  of  the  image.  For  exam- 
ple, it  can  find  the  polarization  that  op- 
timizes the  ratio  of  the  radar  image  of  one 
target  to  that  of  another  target. 

One  of  the  few  recent  papers  on  the 


subject  states  that  polarimetric  images  of 
corn  contain  evidence  that  this  crop  differ- 
entially refracts  horizontally  and  vertically 
polarized  radiation.  This  and  another  paper 
also  recognize  a  "double-bounce"  phe- 
nomenon involving  scattering  from  the 
ground,  followed  by  scattering  from  vege- 
tation. Other  papers  discuss  the  radar  po- 
larimetric properties  of  a  quiet  body  of 
water  and  the  use  of  radar  polarimetry  to 
measure  the  roughnesses  of  geological 
targets,  to  classify  forest  stands,  and  to 
characterize  the  trees  within  a  particular 
stand. 

At  the  time  of  the  report,  work  was  con- 
tinuing on  the  new  multipolarization  SAR, 
which  is  to  be  flown  aboard  a  DC-8  air- 
plane. The  new  radar  features  an  in- 
creased signal-to-noise  ratio  and  other 
improvements  in  design  over  the  earlier 
version.  It  will  also  serve  as  a  "bread- 
board" prototype  radar  for  the  SIR-C  pro- 
gram, which  is  expected  to  enable  the  per- 
formance of  imaging  radar  polarimetry 
from  outer  space  in  the  early  1990's. 

This  work  was  done  by  Daniel  N,  Held 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Imaging  Radar  Polarimetry: 
A  Status  Report." 
NPO-17247/TN 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  ot  Commerce,  Gaithersburq,  MP  20899 

Educational  Version  of  DIPPR  Database  Available 


A  special  educational  version  of  DIPPR  (Design  Institute  for  Physical  Property  Data)  Data 
Compilation  of  Pure  Compounds,  1989,  is  available  for  chemistry  students  on  diskette  or  tape.    The 
new  database  provides  students  with  quick  access  to  important  information  on  the  behavior  of 
substances  and  their  reactions  under  various  pressures  and  temperatures.    It  contains  evaluated 
data  on  39  properties  for  100  chemical  compounds  most  frequently  used  in  classroom  exercises. 
For  the  chemicals  selected,  data  are  provided  on  their  thermodynamic,  physical,  and  transport 
properties.   Designed  specifically  as  a  teaching  tool,  the  database  is  not  for  research  use  because  of 
the  limited  number  of  available  chemicals. 
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451 


NASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Absorption  of  Gases  by 
Glassy  Polymers 

Infinite-dilution  partial  molar 
volumes  are  calculated  from 
pressure,  volume,  and 
temperature  data. 

A  report  discusses  the  solubility  of  a  gas 
in  a  glassy  polymer,  both  above  and  below 
the  glass-transition  temperature  (T).  Ther- 
modynamic arguments  are  brought  to 
bear  on  previously-developed  mathemati- 
cal models,  the  result  being  a  new  model 
that  enables  the  calculation  of  the  infinite- 
dilution  partial  molar  volume  of  the  solvent 
in  the  glass  or  liquid  solvent  from  data  on 
the  pressure,  volume,  and  temperature  of 
the  solute  in  equilibrium  with  the  solvent. 

The  text  begins  with  a  review  of  previous 
experimental  and  theoretical  investiga- 
tions. It  describes  the  dual  sorption  model, 
in  which  Henry's  law  is  corrected  by  the  ad- 
dition of  terms  to  account  for  absorption  in 
fixed  sites  or  microvoids.  The  concentra- 
tion of  the  microvoids  is  assumed  to  be 
proportional  to  the  difference  between  the 
specific  volume  of  the  glass  and  the  specif- 
ic volume  of  the  liquid  extrapolated  down  to 
the  temperature  of  the  glass.  Previous 
studies  pertaining  to  the  dual  sorption 


model,  including  a  model  that  expresses  its 
relationship  to  the  partial  molar  volume  of 
the  solute,  are  also  described. 

A  chemical-potential  model  is  introduced 
to  analyze  the  situation  at  equilibrium  and 
infinite  dilution.  The  chemical  potential  of 
the  solute  in  the  vapor  or  gaseous  phase  is 
assumed  to  equal  that  in  the  glass.  Similar- 
ly, the-chemical  potential  of  the  solute  in  the 
gas  or  vapor  is  taken  to  equal  that  of  the 
solute  in  the  liquid.  As  a  result,  the  equa- 
tions for  the  chemical  potentials  can  be 
manipulated  to  yield  an  equation  for  the 
ratio  between  the  equilibrium  concentra- 
tions of  solute  in  the  glass  and  liquid,  in 
terms  of  the  difference  between  the  chem- 
ical potentials  of  the  gas  and  liquid  in  stand- 
ard states. 

The  equation  for  the  change  in  chemical 
potential  of  a  substance  at  constant  tem- 
perature is  used  to  obtain  additional  equa- 
tions for  this  difference  between  chemical 
potentials,  in  terms  of  the  infinite-dilution 


specific  volumes  of  the  solute  in  the  liquid 
and  in  the  glass,  and  of  the  pressure  or 
negative  pressure  that  would  convert  the 
glass  to  a  liquid  or  the  liquid  to  a  glass, 
respectively,  at  the  given  temperature. 

Various  equations  are  then  derived  to  fa- 
cilitate the  comparison  of  the  theory  with 
data  on  pressures,  volumes,  and  tempera- 
tures. It  is  shown  that  the  theory  basically 
agrees  with  experimental  data;  i.e.,  that  it  is 
possible  to  estimate  the  partial  molar 
volumes  of  the  solute  in  both  the  glass  and 
liquid  states  of  the  polymer.  Furthermore, 
the  analysis  predicts  that  the  partial  molar 
volume  in  the  liquid  exceeds  that  in  the 
glass. 

This  work  was  done  by  Robert  F. 
Fedors   of   Caltech    for   NASA's   Jet 
Propulsion  Laboratory.  "Absorption  of 
Fluids  by  Glassy  Polymers." 
NPO-17636/TN 
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Cell  Model  of  a 
Disordered  Solid 

Elastic  properties  are 
predicted  from  first 
principles. 

A  paper  discusses  a  generalization  of 
the  cell  theory  of  a  disordered  (that  is,  non- 
crystalline) solid  to  include  anisotropic 
stresses.  This  study  is  part  of  the  continu- 
ing effort  to  understand  the  macroscopic 
stress-and-strain  properties  of  solid  materi- 
als in  terms  of  microscopic  physical  phe- 
nomena. The  emphasis  here  is  on  the  deri- 
vation, from  first  principles,  of  the  bulk, 
shear,  and  Young's  moduli  of  a  glassy  ma- 
terial at  zero  absolute  temperature. 

According  to  the  cell  theory  developed 
previously,  the  solid  material  is  treated  as  a 
collection  of  interacting  spherical  cells.  A 
mean-field-theory  approximation  is  used  to 
derive  a  simple  algebraic  expression  for 
the  Helmholtz  free  energy,  F,  an  integral 
over  the  surface  of  one  cell  for  the  energy 
E  required  to  displace  a  reference  particle 
in  that  cell,  and  an  integral  over  the  volume 
of  the  cell  to  obtain  the  free  volume  v, of  the 
cell  for  thermodynamic  purposes.  The  two 
integral  equations,  together  with  the  rela- 
tion between  the  radius  of  a  cell  and  the 
volume  of  a  molecule,  yield  the  equation  of 
state  and  the  bulk  modulus,  K,  in  the  unde- 
formed  state. 

The  authors  indicate  the  following  gen- 
eral approach:  Each  cell  is  considered  sub- 
ject to  identical  strains,  which  are  specified 
macroscopically.  The  strains  transform  a 
spherical  cell  into  an  ellipsoid,  and  the 
reference  particle  is  displaced  in  its  cell 
proportionately.  The  equations  for  F,  E,  and 
v,  are  used  to  find  the  change  in  F  due  to 
the  strain,  and  the  change  in  F  is  used  to 


find  K.  Poisson's  ratio,  ji,  is  introduced,  and 
the  Young's  modulus,  Vjs  calculated  from 
K. 

The  calculations  are  simplified  in  the 
limits  of  zero  absolute  temperature  and  low 
pressure  [of  the  order  of  1  atm  (about  0.1 
MPa)].  The  Lennard-Jones  potential  U(R) 
=  -AR-n  +  BR-m(wtiereA,  B.m.andn 
are  constants)  is  used  for  the  energy  of  in- 
teraction between  the  reference  particle 
and  a  particle  on  the  surface  of  the  cell  at 
distance  R.  After  extensive  algebraic  ma- 
nipulations and  the  invocation  of  the  zero- 
temperature  condition  and  the  low-temper- 
ature approximation,  the  equations  for  the 
elastic  constants  become 


K  = 

-(Wz/18)L/ 

M  = 

!4 

Y  = 

1.5K 

G  = 

0.6K 
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where  N  is  the  number  of  spherical  cells,  z 
is  the  number  of  nearest  neighbor  cells, 
Umjn  is  the  minimum  value  of  U,  Vqq  is  the 
volume  of  the  undeformed  solid,  and  G  is 
the  shear  modulus. 

These  results  were  obtained  by  includ- 
ing interactions  between  nearest  neighbor 
cells  only.  Computations  have  also  been 
done  for  interactions  out  to  a  third  layer  of 
cells  for  a  potential  with  m  =  12,  n  =  6, 
with  the  result  that  K  is  multiplied  by  1.435, 
M  changes  to  0.271,  and  the  factor  0.6 
decreases  to  0.54.  Although  the  numeri- 
cal values  appear  to  agree  reasonably 


with  observations  of  glassy  materials,  the 
observations  were  made  at  higher  temper- 
atures. Consequently,  future  efforts  are 
expected  to  focus  on  the  change  of  the 
elastic  constants  with  temperature. 

This  work  was  done  by  Steven  T  J. 
Peng,  Robert  F.  Landel,  and  Jovan 
Moacanin  of  Caltech  and  Robert  Simha 
and  Elizabeth  Papazoglou  of  Case  West- 
ern Reserve  University  for  NASA's  Jet 
Propulsion  Laboratory.  "Cell  Model  and 
Elastic  Moduli  of  Discordered  Solids:  Low 
Temperature  Limit." 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL.  Refer  to 
NPO-17217/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  tor  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Convective  Evaporation  of 
Clusters  of  Drops 

Effects  in  sprayed  liquid 
fuels  are  studied 
theoretically. 

A  report  presents  the  results  of  continu- 
ing theoretical  research  in  the  behaviors  of 
sprayed  liquid  fuels  at  temperatures  char- 
acteristic of  furnaces.  Two  earlier  papers 
arising  from  this  investigation  were  de- 
scribed in  "Evaporation  of  Dense  Fuel 
Sprays"  (NPO-16954),  NASA  Tech  Briefs, 
Vol.  12  No.  6  page  66. 

As  in  the  previous  studies,  the  mathe- 
matical model  of  the  spray  includes  a 
spherical  cluster  of  droplets  of  a  single- 
component  fuel.  The  droplets  all  have  the 
same  diameter,  are  uniformly  distributed 
throughout  the  cluster,  and  move  together 
at  the  same  velocity  through  the  convec- 
tive flow  of  air,  evaporated  fuel,  and  com- 
bustion products.  Classical  equations  for 
the  flow  of  heat,  conservation  laws,  and  the 
ideal-gas  law  are  used  to  calculate  the 
temperature  in,  and  the  evaporation  from, 
each  droplet.  The  rate  of  evaporation  is  ex- 
pressed by  a  generalized,  more  realistic 
version  of  the  Clausius-Clapeyron  equa- 
tion. 

Also  as  in  the  previous  studies,  the  im- 
portant aspects  of  the  interaction  between 
the  cluster  of  droplets  and  the  surrounding 


flow  are  considered  to  be  the  following: 

1 .  The  extent  of  penetration  of  the  cluster  at 
each  instant  (which  droplets  "feel"  the 
flow); 

2.  The  instantaneous  relative  speed  be- 
tween the  cluster  and  the  flow;  and 

3.  The  relationship  between  the  rates  of 
evaporation  with  and  without  flow. 

A  comparison  is  made  between  the  flow 
of  gases  evaporated  from  the  drops  and 
the  flow  of  gases  from  the  outer  flow  at  the 
surface  of  the  cluster.  This  yields  a  dynam- 
ic criterion  to  determine  whether  the  exter- 
nal flow  penetrates  the  cluster.  An  expres- 
sion is  also  derived  for  the  radius  of  partial 
penetration. 

Again,  as  in  the  previous  studies,  the 
mathematical  model  was  found  to  perform 
well  for  low  penetration  distances  in  dense 
clusters  in  hot  environments  with  low  rela- 
tive speeds.  The  model  predicts  that,  for 
the  same  initial  velocity,  the  evaporation 
time  is  less  for  more-dilute  clusters.  For 
dilute  clusters  and  large  penetration  dis- 
tances, the  model  predicts  that  the  evapo- 
ration time  increases  with  dilution;  how- 
ever, this  result  is  questionable  inasmuch 


as  the  model  is  not  considered  to  be  valid  in 
this  regime. 

The  evaporation  time  was  found  to  be  a 
weak  function  of  the  initial  relative  speed 
and  a  strong  function  of  the  initial  tempera- 
ture of  the  droplets.  The  initial  temperature 
of  the  surrounding  gas  has  a  strong  in- 
fluence in  the  lower-temperature  (750  to 
1,000  K)  regime  and  a  weak  influence  in 
the  higher-temperature  regime.  The  vitia- 
tion of  the  ambient  gas  by  the  fuel  vapor 
was  found  to  have  a  very  small  influence 
on  the  evaporation  time  of  a  rich  mixture 
when  the  cluster  is  introduced  into  hot, 
strongly  convective  surroundings.  In  all 
cases,  the  interior  temperatures  of  the 
drops  were  transient  throughout  the  life- 
times of  the  drops,  but  nonuniformities  of 
these  temperatures  persisted  at  most  dur- 
ing the  first  third  of  the  evaporation  time. 

This  work  was  done  by  Josette  Bellan 
and  Kenneth  G.  Harstad  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Analysis  of  the  Convective  Evaporation 
of  Non-Dilute  Clusters  of  Drops. " 
NPO-17171/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


454 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Photochemistry  of 

2,5-DiacyM, 

4-Dimethylbenzenes 

These  compounds  can  be 
used  in  the  synthesis  of 
substituted  anthracenes. 

Experiments  described  in  a  report  have 
revealed  some  potentially  useful  aspects 
of  the  photochemistry  of  2,5-dibenzoyl-1,4- 
dimethylbenzene  (DBX)  and  2,5-diacetyl- 
1,  4-dimethylbenzene  (DAX).  In  some  re- 
spects, the  behavior  of  these  compounds 
is  reminiscent  of  that  of  the  orthoalkyl- 
phenyl  ketones,  which  have  been  studied 
from  a  similar  perspective  for  more  than 
two  decades. 

Both  DAX  and  DBX  were  found  to  un- 
dergo photoenolizations  similar  to  those  of 
the  orthoalkylphenyl  ketones.  However, 
unlike  the  orthoalkylphenyl  ketones,  each 
of  the  two  compounds  can  undergo  two 
tandem  photoenolizations.  Furthermore, 
just  as  photoenols  derived  from  orthoalkyl- 
phenyl ketones  have  been  trapped  with 
Diels-Alder  dienophiles  before  they  de- 
cayed within  microseconds  to  provide  a 


convenient  synthesis  of  substituted  tetra- 
lins,  Diels-Alder  trapping  of  photoenols 
from  DBX  provided  a  route  to  the  synthesis 
of  tetrahydroanthracenes  and  octahydro- 
anthracenes. 

The  photoenolization  is  a  stepwise  proc- 
ess involving  the  formation  of  a  monoad- 
duct,  which  then  reacts  further  to  form  the 
bisadduct.  The  formation  of  the  photoad- 
ducts  is  regiospecific.  Because  the  reac- 
tion is  stepwise,  the  overall  stereochemis- 
try is  complicated  by  the  presence  of  two 
independent  reaction  sites. 

All  of  the  photoadducts  of  DBX  were 
smoothly  dehydrated  to  the  corresponding 
tetrahydroanthracenes  by  the  use  of  hy- 
drochloric acid  in  refluxing  acetic  anhy- 
dride or  benzene.  By  the  use  of  sulfur  in 
refluxing  diphenyl  ether,  the  tetrahydroan- 
thracenes were  dehydrogenated  and  aro- 


matized to  the  substituted  anthracenes 
with  yields  of  about  80  percent. 

The  photoenols  of  DAX  could  not  be 
trapped  with  the  dienophiles  used  suc- 
cessfully with  DBX  in  these  experiments. 
However,  the  results  of  a  previous  experi- 
ment suggest  that  it  may  nevertheless  be 
possible  to  do  so  at  low  yields. 

This  work  was  done  by  Michael  A. 
Meador  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-89836  [N87-22005J,  Price  Code:  A02 
"2-5  Diacyl-1,  4-Diamethylbenzenes  — 
Exanmples  of  Bisphotoenol  Equivalents. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14708/TN 
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High-Sensitivity  Ionization  Trace-Species  Detector 

Features  include  high  ion-extraction  efficiency,  compactness,  and  lightweight. 


An  ionization/mass-spectrometer  de- 
tector of  trace  molecular  species  features 
space-charge-limited  reversal  electron  op- 
tics that  provide  controllability  for  the  gen- 
eration of  positive  or  negative  ions.  The  de- 
tector, an  improved  version  of  a  previous 
ionization  detector,  features  an  in-line  ge- 
ometry that  enables  the  extraction  of  al- 
most every  ion  from  the  region  of  formation. 
The  in-line  feature  also  makes  the  instru- 
ment compact  and  light  in  weight. 

In  the  instrument,  a  jet  of  gas  containing 
the  trace  molecular  species  of  interest  is 
ionized  by  a  beam  of  electrons.  To  gener- 
ate negative  ions  by  attachment  of  elec- 
trons, one  would  normally  use  electrons 
with  a  kinetic  energy  of  0  to  20  eV;  to  gener- 
ate positive  ions,  one  would  normally  strike 
the  molecules  with  electrons  of  about  40  to 
70  eV. 

The  electrons  are  generated  at  a  fila- 
ment and  focused  by  electron  optics  to  a 
space-charge-limited  reversal  region  (see 
figure),  where  the  gas  to  be  analyzed  is  in- 
troduced. At  the  point  of  reversal,  the  later- 
al and  longitudinal  components  of  the  ve- 
locity of  the  electrons  are  very  nearly  zero. 
By  suitable  adjustments  of  the  electric 
potentials  applied  to  the  electron-optics- 


lens  electrodes  1  through  7,  the  point  of 
reversal  can  be  moved  to  the  left  or  right 
between  electrodes  6  and  7. 

If  the  point  of  reversal  coincides  with  the 
jet  of  gas,  then  the  directed  kinetic  energy 
of  the  bombarding  electrons  is  nominally 
zero.  If  the  point  of  reversal  is  moved  to  the 
right,  then  the  kinetic  energy  of  the  elec- 
trons at  the  point  of  bombardment  is  great- 
er because  at  that  point  they  have  not  yet 
been  reversed.  Because  the  electrons  are 
reflected  back  to  the  filament  along  the 
path  of  the  incoming  electron  beam,  each 
electron  crosses  the  gas  twice,  thus  dou- 
bling the  detection  sensitivity  by  doubling 
the  effective  density  of  ionizing  electrons. 

The  design  of  the  instrument  is  simpli- 
fied by  using  some  of  the  same  electrodes 
for  both  the  electron-focusing  and  ion-fo- 
cusing operations.  Fast  electronics  switch 
between  these  two  operations  with  a  duty 
cycle  of  one-half  and  nearly  100  percent 
extraction  of  ions  during  the  ion  portion  of 
the  cycle.  First,  a  pulse  of  electrons  is 
generated  by  applying  suitable  pulsed 
voltages  to  electrodes  1  through  7  Within 
2  us  after  turning  off  the  electrons,  the  ions 
are  extracted  by  the  application  of  suitable 
pulsed  voltages  to  electrodes  5  through  7 


The  ions  travel  out  toward  the  right,  into  a 
time-of-flight  or  quadrupole  mass  analyzer. 

This  work  was  done  by  Mark  T.  Bernius 
and  Ara  Chutjian  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL  Refer  to 
NP0-17596/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2240 


Electron-Focusing  Electrodes 

x C 


Ion-Extraction  Electrodes 
A 


Ions  Out  to 
Mass  Analyzer 


Source  of  Electrons 
(Contains  Heated  Filament) 


Focusing  Electrodes  are  arranged  and  shaped  into  a  compact  system  of  space-charge-limlted  reversal  electron  optics  and  ion-extraction  op- 
tics. This  configuration  provides  controllability  of  ionizing  electron  energies,  greater  efficiency  of  ionization,  and  nearly  100  percent  ion- 
collection  efficiency. 
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Simple  Test  for  Organic  Material  in  Gas 

Dried  enzymes  and  color  indicators  test  sensitively  and  selectively. 


Dehydrated  enzymes  can  be  used  in  a 
convenient  method  for  analyzing  gases  for 
specific  organic  substances,  outside  the 
laboratory.  For  example,  the  method  can 
be  used  to  detect  alcohol  in  breath  or  form- 
aldehyde in  gas  streams. 

Enzymes  dehydrated  under  controlled 
conditions  on  selected  organic  or  inorgan- 
ic supports  can  rapidly  catalyze  reactions 
of  organic  compounds  diluted  in  gases.  A 
redox  dye  can  be  included  with  dehydrated 
enzymes  in  a  powder  or  on  a  porous  poly- 
mer strip.  The  dye  changes  color  sharply 
when  the  mixture  of  dye  and  enzymes  is 
exposed  to  a  gas  or  vapor  containing  the 
organic  material  of  interest.  The  enzymes 
are  selected  for  their  sensitivity  to  a  par- 
ticular organic  material.  The  method  can 
be  used  for  simple  semiquantitative  detec- 
tion or  for  precise  quantitative  measure- 
ment. 

In  one  demonstration,  the  method  was 
used  to  conduct  simulated  "breathalyzer" 
tests,  to  detect  ethanol  in  gases  that 
represented  the  breaths  of  human  sub- 
jects after  they  had  ingested  alcoholic 
beverages.  The  enzymes  alcohol  oxidase 
and  peroxidase  and  the  color  indicator 
2,6-dichloroindophenol  were  dissolved  in 


water.  The  solution  was  dispersed  on  mi- 
crocrystalline  cellulose  powder  and  dried 
at  room  temperature  until  the  water  con- 
tent amounted  to  only  30  to  40  percent  of 
the  total  weight.  The  powder  was  packed  in 
small  glass  tubes  to  a  depth  of  about  1  cm. 

Ethanol  vapor  at  the  various  concentra- 
tions was  passed  through  the  tubes  for  5  s. 
The  final  color  and  the  time  for  a  complete 
change  in  the  color  of  the  indicator  from 
dark  blue  to  pale  violet  could  be  adjusted 
by  changing  the  amount  of  indicator.  For 
example,  the  time  for  a  complete  change 
in  color  at  a  concentration  of  alcohol 
equivalent  to  that  in  breath  corresponding 
to  a  legally  defined  maximum  for  driving 
(0.1  percent  ethanol  in  blood)  could  be  pre- 
set to  occur  after  an  exposure  lasting  1 
min. 

An  unknown  concentration  can  be  de- 
termined by  comparing  the  time  required 
to  change  color  or  the  final  color  or  optical 
density  with  calibrated  values.  For  quanti- 
tative measurements,  sheets  of  microcrys- 
talline  cellulose  containing  the  enzyme- 
and-dye  mixture  are  cut  to  size  and  placed 
in  glass  tubes.  After  10-s  exposures  to 
ethanol  vapor,  changes  in  optical  density  of 
the  sheets  at  a  wavelength  of  605  nm  are 


monitored  by  a  densitometer  connected  to 
a  recorder.  The  slope  of  the  plot  and  the 
final  optical  density  are  a  function  of  the 
concentration  of  ethanol. 

The  enzyme/dye  test  is  extremely  sensi- 
tive: it  can  detect  concentrations  of  ethanol 
as  small  as  1  micromolar  in  gas.  It  is  also 
highly  specific,  giving  a  positive  reaction,  in 
addition  to  ethanol,  only  to  methanol,  form- 
aldehyde, and  hydrogen  peroxide,  all  of 
which  are  absent  in  human  breath.  More- 
over, the  test  is  easy  to  perform  and  takes 
only  1  to  3  min. 

In  contrast,  other  methods  currently 
used  to  detect  ethanol  in  breath  tend  to  be 
nonspecific.  They  involve  the  use  of  oxidiz- 
ing agents  that  change  color  by  reaction 
with  virtually  any  organic  substance  in  the 
breath.  More  specific  methods,  such  as 
analyzing  the  ethanol  content  in  saliva,  re- 
quire careful  manipulations  and  take  up  to 
10  min. 

777/s  work  was  done  by  Eduardo  Banana, 
Alexander  Klibanov,  and  Marcus  Karel  of 
Massachusetts  Institute  of  Technology  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17540/TN 
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Survey  of  Gas-Correlation 
Spectroradiometry 

The  principal  application 
is  remote  sensing  of 
atmospheres. 

A  brief  report  discusses  the  use  of  gas- 
correlation  spectroradiometry  in  remote 
measurements  of  the  atmosphere  of  the 
Earth  and  other  planets.  It  summarizes  the 
history  of  the  technique  from  the  first  such 
instrument  flown  aboard  the  Nimbus  4 
Satellite  in  1970  to  one  that  is  to  fly  on  the 
Mars  Observer  Spacecraft  to  measure  the 
vertical  distribution  of  water  vapor  and 
temperature. 

The  major  advantages  of  gas-correla- 
tion spectroradiometry  —  high  spectral 
discrimination  coupled  with  the  ability  to 
work  with  weak  signals  —  can  be  realized 
only  when  the  widths  of  the  observed  spec- 
tral lines  are  small  compared  with  the 
spaces  between  the  lines.  For  this  reason, 
on  Earth  the  technique  is  applied  mostly  to 
the  upper  atmosphere  and  only  infrequent- 
ly to  the  troposphere,  where  pressure 
broadening  tends  to  blend  spectral  lines. 

The  Nimbus  4  Selective  Chopper  Radi- 
ometer made  nadir-viewing  emission-radi- 
ometery  measurements  of  stratospheric 
temperatures  via  the  1 5-^m  band  of  C02.  In 
a  selective  chopper,  two  optical  paths  that 


contain  different  amounts  of  the  gas  of  in- 
terest are  sampled  alternately  by  a  detec- 
tor, and  the  radiometric  difference  be- 
tween them  is  a  measure  of  the  radiation 
originating  in  the  atmosphere  within  the 
spectral  lines  of  the  reference  gas.  Al- 
though the  technique  presents  difficulties 
in  calibration,  the  Nimbus  4  and  succeed- 
ing Nimbus  5  investigations  provided  the 
first  global  maps  of  temperature  in  the  up- 
per atmosphere. 

The  development  of  pressure-modula- 
tor radiometers  provided  a  solution  to  the 
calibration  problem.  In  this  approach, 
there  is  only  one  optical  path  through  the 
reference  gas.  A  piston  driven  at  reso- 
nance modulates  the  amount  of  gas  in  a 
cell.  The  correlation  signal  is  derived  from 
the  phase-sensitive  detection  of  the  modu- 
lation of  radiation  transmitted  by  the  cell. 
An  instrument  of  this  type  was  first  flown  in 
1975  for  limb  measurements  of  strato- 
spheric and  mesospheric  temperatures 
and  abundances  of  CO,  CH4,  NO,  N20, 
and  H20.  Another  such  instrument  meas- 
ured temperatures  on  the  Pioneer  Venus 


mission,  and  others  are  under  develop- 
ment for  use  on  future  Earth-orbiting  and 
outer-planetary  missions. 

The  newest  version  of  the  technique  — 
electro-optical  phase-modulation  gas-cor- 
relation spectroradiometry  —  has  been 
developed  with  a  view  toward  the  meas- 
urement of  winds  in  the  upper  atmosphere 
from  a  satellite  moving  much  faster  than 
the  winds.  This  technique  involves  the  use 
of  an  electro-optical  modulator  instead  of  a 
pressure  modulator.  In  addition,  the  fre- 
quency distribution  of  the  observed  spec- 
trum is  under  the  control  of  the  instrument, 
making  it  possible  to  perform  the  frequen- 
cy-correlation measurements  needed  to 
sense  winds. 

This  work  was  done  by  Daniel  J. 
McCleese  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  "Remote 
Sensing  of  Earth  and  Planetary  Atmos- 
pheres Using  Gas  Correlation  Spectro- 
radiometry. " 
NPO-17345/TN 
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Computation  of  Flow  About  a  Helicopter  Rotor 

Vortical  wakes  are  captured  without  ad  hoc  mathematical  modeling. 


An  improved  method  has  been  devel- 
oped to  simulate  numerically  the  flow 
about  a  helicopter  rotor  with  multiple 
blades.  In  contrast  with  previous  methods 
of  numerical  simulation,  this  one  computes 
the  vortical  wake  beneath  the  rotor  without 
using  simplified  ad  hoc  mathematical 
models  of  the  effects  in  the  wake. 

In  this  method,  the  Euler  equations  of 
flow  are  solved  in  an  integral  formulation  in 
which  the  conservation  law  is  applied  to 
each  cell  of  the  computational  grids.  A  cy- 
lindrical system  of  rotating  patched  grids 
(see  figure)  accommodates  multiple  blades. 
The  cylindrical  rotating  outer  grid  for  one 
blade  is  generated  by  solving  Poisson 
equations  with  periodic  boundary  condi- 
tions at  blade  cuts.  This  grid  can  be  rotated 
and  connected  with  copies  of  itself  to  form 
a  multiblade  grid.  There  are  no  discontinui- 
ties of  slope  between  the  grids  of  adjacent 
blades. 

The  Euler  equations  are  solved  by  a  com- 
puter code  that  uses  Steger-Warming  flux- 
vector  splitting  in  the  circumferential  (pri- 
mary-flow) direction  and  Jameson's  dissi- 
pative  terms  in  the  other  two  directions. 
The  use  of  flux  splitting  enables  one  to 
avoid  the  necessity  for  the  "tuning"  of  ex- 
plicit dissipation  coefficients.  Furthermore, 
the  linear  stability  analysis  shows  that  the 
use  of  flux-vector  splitting  combined  with 
upwind  differencing  in  the  main  flow  direc- 
tion and  central  differencing  in  the  other 


two  directions  can  result  in  an  uncon- 
ditionally stable  two-factored  algorithm. 

The  conservation  law  is  applied  to  cells 
defined  by  the  primary  grid.  The  van  Leer 
MUSCL(monotone  upstream-centered 
scheme  for  the  conservation  laws)  ap- 
proach is  used  to  evaluate  the  conserva- 
tive variables  at  the  surface  of  each  cell  in 
the  circumferential  direction. 

All  of  the  boundary  conditions  are  imple- 
mented explicitly.  The  only  unknown  bound- 
ary condition  is  the  one  regarding  pressure, 
and  it  can  be  determined  by  solving  the 
equation  for  the  component  of  momentum 
perpendicular  to  the  surface  of  the  blade  at 
the  surface.  Azimuthally  periodic  boundary 
conditions  are  used  in  the  case  of  hover.  In 
the  far  field,  nonreflecting  boundary  condi- 
tions are  used.  At  the  roots  of  the  blades, 
no  flux  is  allowed  across  the  cylindrical  in- 
ner surface  of  the  grid.  This  means  that  the 
simulation  includes  a  fictitious  solid  cylin- 
der at  the  hub  of  the  rotor. 

The  method  has  been  applied  to  one 
case  of  nonlifting  forward  flight  and  several 
cases  of  lifting  while  hovering.  In  the  for- 
ward-flight case,  the  unsteady  growth  and 
decay  of  the  shocks  at  the  tips  of  the  rotor 
blades  agree  well  with  experimental  re- 
sults. In  the  hovering  case,  at  low  and  mod- 
erate transonic  tip  speed,  the  results  show 
good  agreement  with  experimental  data  in 
the  tip  region. 


Rotating 
Outer 
Grid 


Rotor 
Blade 


Patched  Grids  are  used  in  the  numerical 
simulation  of  flow  about  the  rotor  blades. 
The  cylindrical  configuration  simplifies  the 
interpolation  at  the  interface  between  the 
rotating  and  stationary  grids. 


This  work  was  done  by  C.  L  Chen  and 
W.  J.  McCroskey  of  Ames  Research  Cen- 
ter. Further  information  may  be  found  in 
AIAA  paper  88A-22031,  "Numerical  Simu- 
lation of  Helicopter  Multi-Bladed  Rotor 
Flow." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Service  Library,  555  West  57th  Street,  New 
York,  New  York  10019,  Telephone  No. 
(212)247-6500. 
ARC-122277TN 
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Subliming  Layers  Would  Reveal  Aerodynamic  Effects 

Multicolored  coatings  are  proposed  to  study  aerodynamic  effects  on  surfaces. 


In  a  proposed  technique,  the  flow  of  fluid 
across  a  surface  would  be  studied  in  detail 
by  use  of  a  multilayered,  multicolored  coat- 
ing. The  technique  would  be  particularly 
useful  in  the  study  of  the  flow  of  air  over  a 
small  area  of  an  aerodynamic  surface.  By 
use  of  this  method,  incremental  determina- 
tions could  be  made  as  to  friction,  the 
transfer  of  heat,  the  positions  of  shock 
waves,  and  the  position  and  extent  of  tur- 
bulence on  a  given  surface. 

A  multilayered,  uniform  coating  of  the 
type  contemplated  could  consist  mostly  of 
a  chemical,  such  as  naphthalene,  that 


evaporates  or  sublimes  from  the  surface 
as  air  flows  over  it.  The  chemical  would  be 
applied  to  the  surface  in  a  sequence  of  thin 
layers,  each  of  which  has  a  different  color. 
After  a  flow  time,  various  colors  would  ap- 
pear on  the  surface,  and  the  researcher 
could  relate  the  colors  to  specific  aerody- 
namic effects  related  to  such  character- 
istics as  friction,  the  transfer  of  heat,  or 
laminar-to-turbulent  boundary-layer  transi- 
tions. 

An  important  advantage  of  this  tech- 
nique is  that  it  could  show  effects  of  flow 
over  a  small  area  of  the  aerodynamic  sur- 


face inexpensively.  The  technique  could  be 
applied  to  the  surface  of  a  model  in  a  wind 
tunnel  or  to  an  aerodynamic  surface  on  an 
aircraft. 

This  work  was  done  by  Ronald  N. 
Jensen  of  Langley  Research  Center.  No 
further  documentation  is  available. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13742/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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